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CARL  JUL.  SALOMONSEN 

THE  RISE  AND  GROWTH  OF  THE  STATE  SERUM  INSTITUTE 


IN  the  autumn  of  1894,  after  Roux's  publication  of 
the  first  decisive  experiments  with  Bchring's  sero- 
therapy applied  to  diphtheria,  the  production  of  anti- 
diphtheric  serum  was  eagerly  taken  in  hand  everywhere. 
In  Denmark,  too,  the  first  introductory  steps  were  made, 
at  that  lime,  towards  the  foundation  of  the  Serum  Insti- 
tute, which  to-day  is  an  accomplished  fact.  As  the  direc- 
tor of  the  University  Laboratory  of  Medical  Bacteriology 
I  felt  it  my  duty  to  study  more  thoroughly  the  technic 
of  the  production  of  antidiphtheric  serum.  So,  in  Sep- 
tember 1894,  I  went  to  the  Pasteur  Institute,  the  only 
laboratory  where  for  years  they  had  both  been  work- 
ing at  the  manufacture  of  serum  and  allowed  other 
people  to  share  the  experience  they  had  gained.  Imme- 
diately after  my  return,  I  sent  in  a  petition  to  the  Minis- 
try of  Ecclesiastical  and  Educational  Affairs,  asking  that 
an  extra  grant  of  kr.  10000  should  be  made  in  the  bud- 
gel  of  1895 — 90,  to  enable  the  Laboratory  to  make  sero- 
Iherapeulic  experiments,  while  it,  at  the  same  time, 
undertook 

1st  to  have  in  view,  as  far  as  possible,  during  the  ex- 
periment, the  production  of  great  quantities  of 
anti-diphtheric  serum; 
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2dly,  to  take  care  that  some  young  medical  men  should 
be  thoroughly  trained  in  the  technic  which  is,  on 
the  whole,  common  to  the  manufacture  of  the 
different  anti-sera; 

3dly,  to  dispense,  without  payment,  to  such  hospitals 
and  doctors  as  might  require  it,  all  the    serum 
anlidiphthericum,  which,  under  the  circumstances, 
the  laboratory  was  able  to  produce. 
The  grant  asked  for  being  given,  I  thought  it  most 
proper  to  use  part  of  it  for  establishing  a  special  sero- 
therapentic  department  to  be  independent  of  the  students' 
laboratory  and  to  have,  to  a  certain  extent,  an  equip- 
ment and  a  staff  of  its  own.  It  should  then  be  left  with 
the  future  fate  of  serum -therapy  to  decide  whether  this 
new  department  should   be    relinquished,  its   premises 
and  apparatus   being   incorporated   with    the  students' 
laboratory   as    a   useful   extension    of    the  same  -  -  or 
whether   it    should   be  necessary  to  extend  it  further, 
separate  it  from  the  students'  laboratory  and  thus  make 
it  into  an  independent  institution. 

The  Laboratory  could  only  place  two  very  small  rooms 
and  a  tolerably  good  guinea-pig  house  at  the  disposal 
of  the  new  Department.  Before  long,  however,  it  became 
necessary  to  find  room  for  small  animals  outside  the 
premises,  at  the  Zoological  Garden,  which  is  rather 
far  away,  where  a  special  little  breeding-house  was 
erected  for  the  guinea-pigs.  The  horses,  too,  had  to  be 
stabled  far  away  from  the  Laboratory,  in  the  stables  of 
the  Veterinary  College,  kindly  put  at  our  disposal.  Fur- 
thermore, for  a  short  time,  the  Department  has  had  the 
use  of  a  stable  with  ten  stalls,  belonging  to  a  tram-car 
company,  for  some  experiments  on  a  somewhat  exten- 
sive scale.  A  few  years  ago  a  small  out-of-the-way  room 
at  the  Laboratory  was  equipped  for  plague  experiments, 
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and  added  to  Ihe  Department.  As  a  matter  of  course 
the  other  rooms  of  the  Laboratory  have  always  been 
at  the  disposal  of  the  Department  to  be  used  for  scien- 
tific researches;  but  it  is  evident,  from  what  has  been 
said  above,  the  conditions,  under  which  work  has  been 
carried  on,  have  been  anything  but  favourable. 

As  members  of  the  staff  an  assistant  and  a  helper 
without  any  medical  training  were  appointed;  later  on 
a  consulting  veterinary  was  added.  As  an  assistant,  Dr. 
Th.  Madsen,  was  appointed.  He  has  during  the  last 
years  conducted  the  work  of  the  Department,  and  will 
be  appointed  chief  of  the  Serum-Institute  laboratory. 


The  work  in  this  small  sero-therapeutic  laboratory 
took  a  somewhat  different  turn  from  what  was  expected 
at  the  outset.  Indeed  the  difficulties  and  uncertainties 
of  the  serum  production  soon  proved  much  greater  than 
we  supposed  would  be  the  case.  It  must  be  remembe- 
red that  at  that  time  the  few  existing  serum  manufactories 
which  possessed  a  greater  experience  in  the  matter  than 
ourselves,  had,  in  the  interest  of  their  business,  preserved 
an  absolute  silence  with  regard  to  their  methods  and 
results.  Thereby  the  difficulties,  connected  with  the 
work  in  the  Sero-therapeutic  Department,  were  greatly 
increased.  We  had  here  to  pass  through  the  same 
painful  experiences  with  regard  to  the  production  of 
strong  toxin  and  strong  serum  as  they  had  elsewhere. 
The  race  of  diphtheria  bacillus  that  one  month  will 
make  a  toxin  of  great  strength,  may  by  the  next  have 
lost  its  toxigenic  power,  and  as  to  the  strength  of  the 
serum,  that  is  evidently  dependent,  not  only  upon  the 
individuality  of  the  horse,  ,,strength"  of  the  toxin,  mode 
of  immunising  and  time  of  bleeding  but  upon  other 


I 

circumstances  as  well,  of  which  we  possess  as  little 
knowledge  as  of  the  varying  toxigenic  power  of  the  diph- 
theria bacillus.  It  is  this  enigmatical  uncertainty  on  all 
the  chiet  points,  that  makes  the  production  of  serum 
both  very  expensive  and  very  precarious.  The  Labora- 
tory has  during  the  past  years  left  no  stone  unturned 
to  gain  light  on  these  points.  But  it  has  met  with  no 
greater  success  in  arriving  at  fully  satisfactory  methods 
of  work  than  the  many  other  European  or  American 
serum  laboratories  which  have,  of  recent  years,  placed 
their  experience  at  our  disposal.  For  that  reason  I  shall 
refrain  from  entering  into  particulars  with  regard  to 
the  technique  used  in  the  Deparment.  The  more  so 
as,  in  working  it  out,  we  have  had  to  consider  the  very 
unfavourable  conditions  under  which  the  Department 
had  to  work.  I  will  only  state  that  our  method  of  im- 
munisation follows  very  closely  upon  that  applied  by 
Dr.  Dean  at  the  Jenner  Institute  for  Preventive  Medicine. 
It  is  Dr.  Dean,  too,  whom  we  have  to  thank  for  so 
kindly  supplying  us  with  the  race  of  diphtheria  bacillus 
(Park  &  Williams  no.  8)  which  we  are  now  using.  The 
methods  of  measuring  are,  of  course,  those  of  Ehrlich. 
This  eminent  pathologist  has,  during  the  whole  existence 
of  the  Department,  assisted  us  in  every  possible  way, 
and  I  take  this  opportunity  to  express  to  him  my  deep- 
felt  gratitude. 

Even  though  our  Laboratory  is  as  ignorant  of  the 
conditions  under  which  strong  toxin  and  strong  anti- 
diphtheric  serum  are  produced  as  all  other  labora- 
tories, we  have,  no  less  than  they,  succeeded,  during  our 
continuous  work,  in  increasing  the  strength  of  the  serum 
to  a  much  higher  degree  than  formerly. 

In  June  1895,  the  first  antidiphlheric  serum  produced 
in  the  Department  was  sent  to  the  Blcgdam  Hospital 
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of  Copenhagen.  Soon  after,  the  Laboratory  began  to, 
fulfil  the  obligation  which  it  had  accepted,  viz.  to  dis- 
pense antidiphtheric  serum  free  of  charge,  as  far  as  its 
stock  allowed. 

Unfortunately  it  was  soon  seen  that  the  above-named 
difficulties  made  it  impossible  to  meet  all  demands.  As 
early  as  in  November  1895,  the  dispensation  of  serum 
had  to  cease  for  a  time,  in  order  to  allow  the  Labora- 
tory to  increase  the  strength  of  the  serum  and  to 
immunise  a  large  number  of  horses.  Since  then  it 
has  certainly  not  been  necessary  to  cease  the  dispen- 
sation of  serum,  but  during  the  first  few  years  the 
Laboratory  has  had  to  exert  itself  to  the  utmost  in 
order  to  satisfy  the  numerous  demands  made  from  all 
parts  of  the  country.  In  later  years  the  productiveness 
of  the  Department  has  been  steadily  increasing.  The 
following  table  shows  the  quantity  of  serum  which 
has  been  dispensed  gratis  by  the  Department  during  the 
last  two  years: 

flasks  containing          Imm.  Units. 
From  the  1st  July  1900  till  the 

1st  July  1901    5036  17153000 

From  the  1st  July  1901  till  the 

1st  July  1902    .  . 6305  24133000 

Iii  1896  the  Director  of  the  Laboratory  sent  out  a 
printed  form  of  questions  to  all  the  doctors  who  had 
been  supplied  with  serum,  in  order  to  obtain  their  opi- 
nion of  the  new  remedy.  The  answers  received  showed 
that,  as  a  rule,  the  results  of  the  serum  treatment  in 
Denmark  gave  general  satisfaction.  The  reports  sent  in 
to  the  Board  of  Health  from  the  medical  officers  of 
health  were  to  the  same  effect.  We  have  also  a  strik- 
ing proof  from  the  well-known  series  of  experiments 
undertaken  on  a  large  scale  by  Professor  ,1.  Fibiger  at 
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the  Blegdam  Hospital  with  our  serum,  and  which  show- 
ed such  unmistakable  results. 

Antidiphtheric  Serum  is  the  only  serum  which  has 
been  produced  in  the  Department  on  a  large  scale  for 
therapeutic  purposes.  For  the  rest,  the  Department  has 
not  restricted  itself  to  the  manufacture  of  serum.  It 
has  tried,  in  different  ways,  to  be  of  use  to  ,,the  Au- 
thorities of  Health",  for  instance,  by  undertaking  the 
bacteriological  diagnosis  of  doubtful  cases  af  plague  in 
Denmark,  and  it  has  further  been  of  assistance  in  dif- 
ferent ways  to  the  University  in  its  teaching  of  bacterio- 
logy. It  has  not  itself  undertaken  any  teaching,  apart 
from  the  fact  that  some  foreign  colleagues  have,  under 
Dr.  Madsen:s  guidance,  made  themselves  acquainted 
with  the  technique  of  the  manufacture  of  serum  or 
a  part  of  the  same. 

Scientific  work  has  also  been  constantly  carried  on 
by  the  Department,  as  may  be  seen  from  the  following 
list  of  publications  issued  during  the  last  years. 

MADSEN  (Th.).  Experimentelle  Unders0gelser  over  Difterigiften.  Diss. 
Kbhv.  1896.  --  Also  publ.  in  Zeitsch.  f.  Hygiene.  Bd.  24  og  25. 
1897. 

SALOMONSEN  (C.  J.)  and  MADSEN  (TH.).  Recherches  sur  la  marche 
de  1'immunisation  active  centre  la  diphterie.  (Bull,  de  1'Ac.  R.  des 
Sc.  et  des  Lettres  de  Danemark  1896.  --  Also  publ.  in  Ann.  de 
1'Inst.  Pasteur  1897.  Vol.  XL). 

SALOMONSEN  (C.  J.)  and  MADSEN  (TH.).  Om  Forskjelligheder  i 
Serums  antidifteriske  Styrke  hos  aktivt  immuniserede  Heste. 
[On  differences  in  the  strength  of  antidiphtheric  serum  in  acti- 
vely immunised  horses.].  (Nordiskt  medicinskt  Arkiv.  1897. 
Festbind  for  Axel  Key.). 

SALOMONSEN  (C.  J.)  and  MADSEN  (TH.).  Om  individuel  Pra> 
disposition  til  Antitoxindannelse.  [On  individual  predisposition 
to  produce  antitoxin].  (Bull  de  1'Ac.  R.  des  Sc.  et  des  Lettres  de 
Danemark.  1898). 
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SALOMONSEN  (C.  J )   and    MADSEN  (TH.).     Om    nogle    Giftcs    Ind- 

virkning  pa  Blodels  anliloxiskc  Slyrke.     (Ibidem   189<S.       •    Also 

publ.  in  C.  r.  de  I'Ac.  des  Sc.  Paris.    1898). 
SALOMONSEN   (C.  J.)    and    MADSEN  (TH.).      Om    Regeneration    af 

Antitoxin  eftcr  store  Blodudlommelser.  (Ibidem  1898.    Also  publ. 

in  Ann.  de  1'Inst.  Pasteur  1898). 
SALOMONSEN  (C.  J.)  and  MADSEN  (TH.).    Rechcrchcs  sur  la  marche 

de     rimmunisation    active    centre    la    diphterie.      2I11C  memoire. 

(Ann.  de  1'Inst.  Pasteur  1899.     Vol.  XIII). 

MADSEN  (TH.).  Om  Difterigiftens  Konstitution.  [On  the  constitu- 
tion of  diphtheria  toxin].  (Hull,  de  I'Ac.  R.  des  Sc.  et  des  Let- 

tres   de   Danemark    1899,   also   publ.   in  Ann.   de  1'Inst.  Pasteur. 

1899). 
MADSEN  (TH.).     Om   Toxiner  og   Toxinmodificationer.     [On   toxins 

and  their  modifications]  (Hospitalstidende.    1899). 
SALOMONSEN    (C.    J.).     Fremstilling    og  Uddeling     af   antidifterisk 

Serum  i  Danmark  I — II.  1897 — 99.  [Fabrication  and  dispensation 

of  antidiphtheric  serum  in  Denmark]. 
DREYER   (GEORGES).     Experimcntelle    Unders0gelser    over    Difteri- 

giftens  Toxoner.     Diss.     Kbhv.  1900.      [Experimental    researches 

on  diphtheria  toxons]. 

DREYER  (GEORGES).  Recherches  sur  la  fixation  dans  1'organisme 
de  la  toxone  diphterique.  (Hull,  de  I'Ac.  R.  des  Sc.  et  des  Lettres 
de  Danemark.  1900). 

MADSEN  ( I  H.).  Sur  les  toxones  (XIII  Congres  international  de  me- 
dccine.  Paris  1900.  Section  de  Bacteriologie  et  de  Parasitologie). 

MADSEN  (TH.)  and  DREYER  (GEORGES).  Sur  I'immunisation  a 
1'aide  des  toxones.  (Bull,  de  I'Ac.  R.  des  Sc.  et  des  Lettres  de 
Danemark  1901,  cfr.  XIII  Congres  international  de  medecine, 
Paris  1900.  Section  de  Bacteriologie  et  de  Parasitologie:  DREYER. 
Sur  rimmunisation  a  1'aide  des  toxones). 

MADSEN  (TH.).  Antitoxins  and  Agglutinins.  Some  analogous  pheno- 
mena of  the  variation  of  production  arising  during  active  and 
passive  immunisation.  Communicated  at  the  Pan-American  Me- 
dical Congress.  Buffalo.  Septb.  1901. 

ARRHENIUS  (SVANTE)  and  MADSEN  (TH.).  Physical  chemistry 
applied  to  the  study  of  toxins  and  antitoxins.  1902.  * 
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ARRHENIUS  (SVANTE)  and  MADSEN  (TH.).  On  the  molecular 
weight  of  diphtheria  toxin.  1902.  * 

DREYER  (GEORGES)  and  MADSEN  (TH.).  Studies  on  diphtheria 
toxin.  1902.  * 

MADSEN  (TH.)  and  J0RGENSEN  (AXEL).  Typhoid  and  cholera 
agglutinins.  Their  fate  during  active  and  passive  immunisation. 

LEVIN  (ERNST).  Coli  agglutinins.  The '  course  of  their  formation. 
1902.  * 

MADSEN  (TH.).  A  formula  indicating  the  mode  of  decrease  of  anti- 
bodies in  the  organism.  * 

DREYER  (GEORGES).  A  new  apparatus  for  rapid  delivery  of  a 
given  quantity  of  fluid.  * 

(The  papers  marked  with  asterisks  are  published  in  the  present 
volume.) 


As  already  stated,  the  Sero-therapeutical  Department 
soon  proved  too  restricted  to  satisfy  all  the  great  de- 
mands made  upon  it.  This  was  felt  on  all  sides,  and  if 
the  work  has  been  kept  going,  up  till  now,  with  com- 
paratively good  results,  under  such  conditions,  it  is  due 
partly  to  the  readiness  with  which  the  Veterinary  School 
has  supplied  stabling,  partly  to  the  circumstance  that 
one  can  work  under  very  bad  conditions,  when  there 
is  a  chance  of  their  soon  mending. 

In  the  spring  of  1898  there  was  such  a  chance,  when 
a  large  number  of  leading  doctors  in  the  hospitals,  at 
the  suggestion  of  Dr.  0.  Bruun  of  Esbjerg,  sent  in  a 
request  asking  me  to  take  steps  to  enable  the  Labora- 
tory to  distribute,  regularly  and  uninterruptedly,  all  the 
serum  antidiphthericum  required  in  this  country.  Of 
course  I  at  once  sent  on  the  request  to  the  Ministry 
of  Education,  asking  them  to  take  the  matter  in  hand. 
The  question  soon  arose  as  to  whether  the  Scro-lhera- 
peulic  Department  should  be  extended  while  it  remained 
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attached  to  the  University  Laboratory  or  whether  it 
should  be  transformed  into  an  independent  institution 
which,  at  the  same  time,  was  to  be  removed  from  the 
University  and  placed  under  the  Ministry  of  Justice 
which  is  responsible  for  public  health  in  this  country. 
In  June  1898  the  Medical  Faculty  pronounced  in  fa- 
vour of  the  second  alternative  in  a  memorandum,  from 
which  I  am  going  to  quote  the  following  extracts,  as 
they  clearly  show  the  points  of  view  from  which  the 
State  Serum  Institute  was  founded  and  arranged. 

For  several  reasons  the  Faculty  considers  it  most  desirable, 
that  the  State  should  continue  manufacturing  the  antidiphtheric  serum, 
carrying  on  the  work  that  has  been  done  in  the  Serb-therapeutic 
Department  and,  if  necessary,  extending  it  so  as  to  enable  it  to 
produce  the  large  quantities  of  serum  that  the  leading  doctors  of 
the  hospitals  are  so  eagerly  asking  for  in  the  interest  of  their 
patients  .... 

The  manufacture  of  serum  can  only  be  carried  on  in  an 
Institute  which  is  provided  with  an  experimental  pathological  labo- 
ratory, and  it  will  naturally  be  the  object  of  the  Director  of  the 
Institute  not  only  to  supply  the  necessary  antidiphtheric  serum  to 
the  Slate,  but  also  to  keep  in  touch  with  and  work  at  all  subjects 
of  a  kindred  nature,  in  short,  attend  to  all  investigations  which 
bear  upon  the  use  of  bacterial  poisons  and  antidotes  in  the  service  of 
Injgiene  and  therapeutics.  Now,  experience  shows  that  these  inves- 
tigations (the  importance  of  which  for  practical  medicine,  too,  is 
increasing  day  by  day)  can  only  be  made  in  institutions  working 
with  an  extensive  material  and  relatively  great  funds.  To  give  up 
the  production  in  this  country  really  means  the  same  as  to  entire- 
ly exclude  our  medical  profession  from  taking  part  in  this  most 
important  work. 

Whereas  the  Faculty  must  strongly  advise  that  the  State 
should  go  on  manufacturing  antidiphtheric  serum  to  the  extent 
which  is  wanted  to  cover  the  consumption  of  the  country,  thus 
taking  care  that  the  production  of  scrum  takes  place  in  a  fully 
equipped  experimental  pathological  institution  the  Faculty  also 
shares  the  scruples  of  the  Ministry,  as  expressed  in  its  letter  of  the 
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9th  inst.,  as  to  handing  over  this  task  to  the  University  Laboratory 
for  Medical  Bacteriology.  It  would  be  possible,  of  course,  to  so 
extend  tbe  Scro-lherapeutic  Department  as  to  enable  it  to  supply 
the  whole  country  with  antidiphtheric  serum  ....  The  Faculty, 
however,  as  already  stated,  has  scruples  about  making  a  proposal 
to  that  effect,  as  such  a  departemcnt,  even  though  it  might  be  of 
great  importance  as  an  institution  for  investigation  and  instruction, 
would  have,  as  its  chief  object,  one  with  which  the  authorities  re- 
sponsible for  public  health,  are  concerned;  but  especially  as  it  is 
impossible,  for  the  present,  to  tell  how  extensive  the  work  of  such 
a  serum  institution  would  be  in  the  presence  of  the  rapid  develop- 
ment of  experimental  pathology. 

The  Faculty  therefore  most  earnestly  begs  to  recommend  that 
steps  should  be  taken  to  found  a  fully  equipped  Serum  Institute  under 
the  jurisdiction  of  the  Ministry  of  Justice. 

The  future  position  of  the  Sero-therapeutic  Department  would 
then  naturally  depend  on  the  position  and  organisation  of  the 
Serum  Institute.  In  fact,  for  the  last  four  years,  the  Sero-thera- 
peutic Department  has  proved  to  be  of  very  great  importance,  from 
an  educational  point  of  view  and  to  the  work  generally  of  the 
University  Laboratory  for  Medical  Bacteriology,  through  the  rich 
material  such  a  department  always  offers.  It  would  therefore  greatly 
impair  the  work  of  the  Laboratory  as  a  training  institution,  if  the 
department  was  relinquished,  unless,  at  the  same  time,  the  Labora- 
tory was  allowed  the  use  of  the  material  of  the  Serum  Institute  for 
teaching  purposes.  It  would  hardly  be  a  difficult  thing  to  find  an 
arrangement  that  would  make  it  possible  for  the  two  institutions  to 
work  together,  although  under  the  jurisdictions  of  two  different  Mi- 
nistries. If  such  a  co-operation  was  brought  about  the  Sero-thera- 
peutic Department  would,  of  course,  have  to  be  relinquished. 

Both  the  Ministry  of  Education  and  the  Ministry  of 
Justice  being  in  agreement  with  this  view,  the  Director 
of  the  Laboratory  was,  in  October  1898,  asked  by  the 
latter  to  make  out  a  plan  for  a  State  institution  for  pro- 
duction of  antidiphtheric  serum. 

Being  of  opinion  that  it  would  greatly  advance  mat- 
ters if,  at  the  time  of  sending  in  the  plan  to  the  Minis- 
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try  of  Justice,  a  suitable  site  was  also  offered  to  the 
Ministry,  I  had  already,  early  in  the  summer,  addressed  a 
petition  to  the  Ministry  of  War,  which  have  at  its  disposal 
extensive  plots  of  land  in  the  neighbourhood  of  the 
Laboratory,  asking  it  to  present  the  University  Labora- 
tory for  Medical  Bacteriology  with  a  building  plot  not 
smaller  than  10000  Dells,  for  the  erection  of  a  Serum 
Institute.  General  Tuxen,  then  Ministry  of  War,  received 
this  request  in  a  very  kind  way.  In  October  1898  the 
Laboratory  was  promised  a  piece  of  land  of  the  size 
stated,  and  in  November  1898  the  proposal  which  led 
to  the  erection  of  the  Institute  as  it  stands  now,  was 
sent  to  the  Ministry  of  Justice. 

Unfortunately  a  Bill  on  the  matter  was  not  brought 
in  that  year,  but  was  deferred  to  the  next  parliamentary 
session  when,  however,  for  political  reasons,  it  did  not 
make  progress. 

In  the  following  session  1900 — 1901  the  Bill  was 
brought  in  again,  and  passed  in  the  spring  1901;  the 
royal  assent  to  the  Act  was  given  on  the  20th  of  March. 

The  Act  is  worded  as  follows: 

STATE  SERUM  INSTITUTE  ACT. 

Art.  1. 

An  Institute  for  the  production  of  antidiphtheric  serum  shall  be 
established  under  the  jurisdiction  of  the  Ministry  of  Justice.  It  shall 
undertake  to  supply  such  serum  on  the  largest  possible  scale  to  the 
medical  men  of  this  country  and  its  colonies,  on  appliance  for  it 
to  the  said  Institute. 

Art.  2. 

A  sum  of  kr.  172800  shall  be  used  for  the  erection  of  the 
necessary  buildings  on  a  site  of  10000  r|  ells,  situated  to  the  north 
of  the  barracks  belonging  to  the  2nd  regiment  of  artillery,  on  the 
Common  of  Amager,  as  well  as  for  the  equipment  of  the  said  Institute. 
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Art.  3. 

The  staff  of  the  said  Institute,  to  he  appointed  when  the  work 
commences,  shall  consist  of  the  following:  1st,  a  Director  appointed 
by  the  Ministry  of  Justice.  He  shall  have  the  chief  management  of 
the  said  Institute  with  a  yearly  salary  of  1000  kroner;  2<Hy,  a  Chief 
of  the  laboratory  to  be  appointed  by  the  King.  He  shall  conduct 
the  manufacture  of  the  serum  and  undertake  the  work  connected 
with  it  as  \vell  as  all  scientific  work  and  investigations  that  may 
occur.  He  shall  have  his  residence  at  the  said  Institute  and  a  yearly 
salary  of  3200  kr.  to  be  increased  at  the  rate  of  GOO  kroner  every 
five  years,  such  salary,  however,  not  to  exceed  5600  kroner. 

A  sum  of  3960  kroner  a  year  may  be  set  apart  for  assistants  to 
be  engaged  by  the  said  Director. 

All  other  expenses  to  be  used  for  the  working  of  the  said 
Institute  shall  be  decided  by  the  yearly  budget. 

Art.  4. 

The  Ministry  of  Justice  shall  be  authorized  to  fix,  for  periods 
not  exceeding  five  years,  the  price  at  which  antidiphtheric  serum 
shall  be  sold  by  the  said  Institute. 

Art.  5. 

The  Ministry  of  Justice  shall  be  authorized  to  fix  the  date 
when  the  said  Institute  shall  begin  its  work,  and  to  spend  a  sum 
not  exceeding  15  000  kroner  on  preparatory  work,  especially  to 
be  used  for  the  purchase  of  the  necessary  quantity  of  suitable 
horses. 

In  one  point  this  law  differs  from  the  Bill  as  pro- 
posed by  the  Government.  According  to  the  Bill  anti- 
diphtheric  serum  was  to  be  supplied  gratis  as  before 
to  everyone,  whereas  the  Act  says  that  serum  shall  be 
sold  by  the  Laboratory.  The  Ministry  of  Justice,  how- 
ever, with  the  consent  of  the  newly  elected  Rigsdag, 
has  put  the  price  so  low,  that  there  is  practically  no 
rupture  with  the  old  system. 

The  site  given  by  the  Ministry  of  War  is  about  14  000 
D  ells.  It  is  situated  in  the  neighbourhood  of  the  Uni- 
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versity  Laboratory  for  Medical  Bacteriology  on  the  small 
island  of  Amager,  just  outside  the  old  fortifications  of 
the  city.  The  northern  limit  of  the  site  is  laid  out  in 
accordance  with  the  building-plan  prepared  by  the  Copen- 
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hagen  Town  Council  for  the  surrounding  ground,  so 
that  the  Institute,  when  the  plan  is  entirely  carried  out, 
will  be  situated  on  a  large  boulevard.  As  will  be  seen 
from  the  annexed  plan  of  the  site,  there  will  be  a  main 
building,  a  stable  and  a  house  for  small  animals. 
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The  main-building  is  composed  of  basement,  ground- 
floor,  first  floor  and  garret.  The  laboratory  occupies 
the  basement,  the  ground-floor  and  part  of  the  garret. 
The  first  floor  is  reserved  as  a  private  residence  for  the 
Chief  of  the  laboratory. 

The  two  plans  annexed  will  show  the  size  and  ar- 
rangement of  the  premises.  From  the  main  staircase 
(1)  you  pass  through  the  corridor  (2)  into  the  Chemical 
Laboratory  (4)  adjoining  the  Weighing-room  (5).  From 
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this  corridor  there  is  another  entrance  into  the  Bac- 
teriological Laboratory  (6).  In  the  wall  of  the  latter,  on 
the  east  side,  is  the  entrance  into  the  Incubator-room  (7); 
another  door  leads  into  the  small  Sowing-room  (8)  in 
which  the  flasks  are  inoculated  and,  by  means  of  a 
trapdoor,  passed  directly  into  the  Incubator-room.  From 
the  Bacteriological  Laboratory  you  pass  into  the  room 
(9)  where  the  media  are  prepared,  and  where  the  smaller 
and  larger  autoclaves  and  other  sterilising  apparatus  are 
placed.  Through  an  anteroom  (10),  to  which  there  is 
also  an  entrance  from  the  back  staircase  (11),  you  reach 
the  so-called  Research  Laboratory  (12),  which  is  de- 
signed for  work  with  such  infectants  as  must  be  care- 
fully kept  away  from  the  rooms  in  which  antidiphlheric 
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serum  is  made,  the  only  admittance  being  through  the 
anteroom  (10);  it  is  entirely  isolated  from  the  other 
parts  of  the  building. 

When  entering  from  the  main  staircase  through  the 
corridor  (13),  one  reaches  the  two  rooms  14  and  15. 
These  are  to  be  used  for  treating  the  blood  which  is 
obtained  from  the  bloodletting,  and  which,  after  coagu- 
lalion  and  separation  of  the  serum,  may  bejbrought 
directly  into  room  14  to  be  egouttated  and  filtered. 


Dl33 


The  Serum  is  bottled  in  room  15,  which  is  exclusi- 
vely used  for  that  purpose.  Adjoining  the  corridor  (13) 
there  is  also  a  small  dark  room  (16),  set  apart  for  re- 
searches and  preparations  requiring  the  exclusion  of  day- 
light. On  the  ground-floor,  next  to  the  main  staircase, 
is  the  Director's  room  (3),  with  an  entrance  from  the 
corridor  (2). 

On  the  east  and  the  west  sides  there  are  special 
ways  down  (17)  (18)  into  the  basement  besides  those 
leading  from  the  main  and  the  back  staircases.  The 
way  down  (17),  on  the  east  side,  takes  you  directly  into 
the  broad  corridor  (19),  which  divides  the  basement  into 
two  equal  parts.  On  the  south  side  there  are  two  spa- 
cious rooms  (20)  (21)  for  small  animals,  and  a  third 
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room  (24)  to  be  used  for  isolating  such  animals,  if  desired. 
Room  22  contains  the  boilers  of  the  central  heating  appa- 
ratus. On  the  north  side  of  the  corridor  are  the  washing 
up  room  (25),  workshop  (26),  wood  cellar  (27)  and  the 
electric  plant  supplying  the  whole  building  with  light 
and  motor  power.  In  room  31  a  gas  engine  and  a  dynamo 
are  placed.  The  electric  accumulator  is  placed  in  a  small 
room  (32)  completely  separated  from  the  rest  of  the  base- 
ment; it  can  only  be  reached  by  the  small  staircase  (33). 


On  each  side'of  the  corridor  there  is  a  healing  room  (2!!) 
(26),  and  under  the  staircase  a  cooling  room,  divided  into 
two  parts  (28)  (29),  bolh  of  which  are  to  be  principally 
used  for  the  storing  of  toxin  and  serum. 

One  of  the  attics  is  to  be  used  as  a  common  room 
for  the  subordinates  of  the  staff,  not  living  at  the  Insti- 
tute, the  others  for  a  laundry,  for  stores,  etc. 

The  stables  are  situated  in  the  immediate  neighbour- 
hood of  the  main  building.  A  doorway  (34)  in  the  west 
wall  leads  into  the  main  stable  (35)  containing  six  stalls  (a) 
and  two  loose  boxes  (b);  from  a  small  adjoining  fodder 
room  (46)  a  flight  of  stairs  leads  to  the  hay-loft  above. 
In  the  south  wing  of  the  building  there  are  three  roomy 
boxes  (38)  (39)  (40),  two  of  which  (39)  (40)  are  intended 
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for  goats  and  are  connected  with  an  enclosure  in  the 
open-air.  Here  are  also  further  to  be  found  a  harness- 
room  (36),  a  coach-house  (37),  a  small  room  (41)  for 
researches  best  undertaken  in  the  stable  itself,  in  the 
immediate  proximity  of  the  animals,  and  a  small  pas- 
sage (42)  from  which  there  is  a  way  out  into  the  open 
air  and  a  staircase  leading  to  the  apartments  occupied 
by  the  stable  man  and  the  caretaker.  From  the  central  pas- 
sage (43)  there  is,  on  the  south  side,  an  exit  (45)  into 
the  open  air;  and  at  the  other  end  a  door  opening  into 
the  bleeding  room  (47).  This  occupies  the  height  of  the 
two  stories  of  the  building  and  receives  light  from  above. 
In  the  adjoining  room  (48)  the  drawn  blood  is  left  for 
coagulation  to  take  place  and  for  the  subsequent  prepa- 
ratory treatment.  Apart  from  the  rest  of  the  stables  is 
a  small  stable  with  one  stall  (48)  and  a  loose  box  (49) 
for  sick  horses;  it  has  a  special  entrance  (50)  on  the 
north  side  and  is  to  be  used  for  isolating  suspected 
cases  amongst  the  serum  horses.  Above  the  isolating 
stable  there  are  a  few  rooms  for  an  assistant,  and  a 
bathroom  for  the  subordinates  of  the  staff;  all  these  rooms 
are  reached  through  the  door  (51)  on  the  east  side. 

The  house  intended/or  small  animals  (rabbits,  guinea- 
pigs,  rats,  mice,  poultry,  pigeons,  etc.)  contains  a  single 
room  with  a  lerrazzo  floor  on  which  the  guinea-pigs 
can  be  kept  in  movable  wooden  frames.  The  animal 
house  is  enclosed  on  three  sides  by  a  yard  paved  with 
concrete.  The  animals  pass  into  this  through  a  number 
of  small  openings  in  the  two  side-walls.  On  each  of 
these  walls,  at  some  distance  from  the  ground,  a  number 
of  rabbit  hutches  are  arranged.  In  the  middle  of  the 
ground  (see  plan  of  site)  there  is  a  pond  for  aquatic 
birds,  frogs,  and  other  animals. 

On  the  part  of  the  ground  not  occupied  by  buildings 
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is  an  enclosure  for  horses  (see  plan  of  site).  The  remain- 
der of  the  ground,  sufficient  in  extent  to  allow  another 
large  stable  being  built  some  future  day  (see  plan  of  site), 
is  provisionally  laid  out  as  a  garden. 

The  above-named  enclosure  being  rather  small,  the 
Institute  has  hired  and  enclosed  an  adjoining  piece  of 
land  of  the  size  of  33  D  meters  where  there  is  plenty 
of  room  for  exercising  the  horses. 

For  the  working  of  the  Institute  (comp.  the  Act,  art. 
3,  last  paragraph)  provisionally  a  yearly  sum  of  23000 
Kr.  has  been  voted. 


The  Institute  is  now  sufficiently  large  and  well  equip- 
ped to  meet  all  the  requirements  of  the  present  time, 
and  if,  at  some  future  date,  theoretical  and  applied  Bac- 
teriology should  make  a  fresh  start  and  develop  at 
the  same  rate  as  it  has  done  during  the  last  twenty 
five  years  of  the  nineteenth  century,  there  will  be,  I  trust, 
ample  room  for  all  necessary  additions  on  the  site  of 
the  Institute. 
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CARL  JUL.  SALOMONSEN 

GENERAL  PATHOLOGY  AS  A  UNIVERSITY  SUBJECT 


One  of  the  chief  aims  of  the  Medical  Bacteriological 
Laboratory  from  the  first  day  of  its  establishment- 
now  nearly  twenty  years  ago  —  has  been  to  impress 
upon  the  University  of  Copenhagen  the  importance  of  ge- 
neral pathology  as  a  special  branch  of  study.  It  has  tried 
its  best  to  raise  the  necessary  funds  and  to  start  teaching 
within  the  limits  of  its  means  and  appliances.  This  is,  by 
no  means,  the  first  time  that  I  have  publicly  expressed  my 
opinion  with  regard  to  this  matter.  So  I  may  perhaps  be 
allowed,  by  way  of  an  introduction,  to  quote  from  the 
,,Tidskrift  for  praktisk  Medicin"1)  the  concluding  part  of 
an  address  1  delivered  at  a  medical  congress  held  in 
Copenhagen  in  1888. 

„  General  pathology!  This  Cinderella  among  uni- 
versity subjects  that,  at  most  European  universities, 
has  no  dwelling  of  her  own,  being  obliged  to  seek 
shelter  now  at  the  house  of  therapeutics,  now  with 
pathological  anatomy,  now  in  the  splendid  palaces 
of  hygiene,  general  pathology  who  has  known  better 
days!  There  was  a  time  when  it  filled  the  post  of 
honour,  when  people  were  foolish  enough  to  be  con- 
tent with  driving  its  principles  into  the  students  —  cli- 
nical instruction  being  almost  nil.  Justice  was  done 
to  clinical  subjects  at  last;  they  obtained  the  position 
they  ought  always  to  have  occupied.  For  several 
years  they  have,  no  doubt  greatly  to  the  benefit  of 
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the  patients,  been  split  up  into  no  end  of  specialities. 
But,  at  the  same  time,  general  pathology  as  a  univer- 
sity subject  has  been  sinking  into  a  more  and  more 
subordinate  position,  from  which  not  even  the  genius 
of  Cohnheim  has  been  able  to  raise  it.  This  state 
of  things  cannot  last  for  ever.  When,  at  a  future 
date,  classical  surgery  has  been  broken  up  into  its 
component  parts,  ophthalmology,  gynecology,  otology, 
orthopedy,  laryngology  etc.;  when  the  physicians 
have  distributed  among  themselves  the  viscera,  hand- 
ing over  the  lungs  to  one  man,  the  kidneys  to  ano- 
ther, the  heart  to  this,  the  brain  to  that  man; 
when  the  whole  of  this  natural  development  has  been 
completed  and  has  found  a  permanent  expression  in 
the  order  in  which  the  subjects  are  arranged  for 
teaching  purposes,  then,  no  doubt,  a  want  will  be 
felt  for  a  subject  which,  like  an  Alma  Mater,  will  be 
able  to  gather  her  scattered  brood  under  her  wings. 
It  is  the  subject  of  General  Pathology  alone  that  can 
and  will  supply  this  need." 

During  the  intervening  fourteen  years,  a  great  deal 
has  been  gained,  but  much  still  remains  to  be  done. 

A  great  deal  has  been  gained:  A  chair  of  general 
pathology  has  been  founded  to  rank  among  the  ordi- 
nary professorships  of  the  University.  Attached  to  this 
post  is  a  tolerably  good  bacteriological  laboratory  with 
two  assistants  and  accommodation  for  thirty-three  stu- 
dents. A  medico-bacteriological  course  is  now  part  of 
the  medical  curriculum.  For  the  last  seven  years  a  Sero- 
therapeutic  Department  has  been  attached  to  the  Labo- 
ratory, allowing  researches  on  immunity  to  be  made  on 
a  large  scale,  and  this  Department,  I  hoped,  would  deve- 
lop into  one  for  applied  medical  bacteriology  also  ser- 
ving for  purposes  of  teaching.  Finally  by  means  of  a 
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donation  the  Laboratory  has  been  provided  with  an  in- 
striimentarium  making  it  possible  to  give  experimental 
pathological  courses,  thus  founding  the  physiological 
section  which  no  institution  of  general  pathology  can 
dispense  with. 

But  a  great  deal  still  remains  to  be  done.  In  the  first 
place,  general  pathology  is  not  a  special  subject  for  exami- 
nation. Further,  the  University  is  still  without  a/2  insti- 
tution special  arranged  for  the  teaching  of  general  pa- 
thology. 

For  a  long  time  the  laboratory  has  been  endeavour- 
ing to  gain  these  two  points  so  intimately  connected. 
Not  till  this  is  done  can  general  pathology  be  said  to 
occupy  its  proper  place  in  the  curriculum  as  the  main 
subject  round  which  all  the  other  pathological  branches 
will  have  to  be  grouped. 

Owing  to  many  causes  the  present  moment  appears 
to  be  a  turning  point  for  the  teaching  of  general  patho- 
logy in  our  University. 

In  other  countries  also  the  position  of  general  patho- 
logy as  a  university  subject  is  a  burning  question.  For 
that  reason  I  think  the  present  a  suitable  time  to  place 
before  the  public  the  plan  according  to  which  we  have 
been  working  in  this  country,  and  our  programme  for 

*/  - 

the  future,  which,  I  trust,  it  will  be  possible  to  realize. 


The  number  of  universities  that  can  boast  of  a  special 
chair  of  general  pathology  is  not  great.  Of  course,  lectures 
on  the  subject  are  delivered  everywhere,  but  too  often 
the  matter  is  divided  between  several  teachers  conducting 
the  instruction  from  quite  different  points  of  view. 
Hardly  any  branch  of  medical  study  varies  so  much 
as  to  its  limits,  or  in  the  way  in  which  it  is  regarded, 
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as  general  pathology.  This  fact  strikes  the  eye  at  once, 
when  a  glance  is  thrown  at  the  great  number  of  small 
and  large  manuals  and  text-books  dealing  with  the  sub- 
ject. Some,  as  Bouchard,  insert  semeiology  even  as  a 
predominant  element;  others,  as  Birch-Hirschfeld,  treat 
the  matter  from  a  one-sided  anatomical  point  of  view. 
Cohnheim  eliminates  the  etiological  sections  altogether. 
The  explanation  of  this  discrepancy  must  be  looked  for 
in  the  historical  development  of  this  branch  of  study. 
From  a  summary  of  observations,  made  at  the  bed  side, 
it  has  developed  into  an  independent  experimental  science, 
that  is,  pathological  physiology.  As  to  its  rightful  posi- 
tion Virchow,  when  still  a  young  man,  spoke  the  deci- 
sive word,  as  early  as  1847,  in  the  ,,prospectus"  that 
made  the  introduction  to  his  ,,Archiv'':  ,,Die  pathologi- 
sche  Anatomic  und  die  Klinik,  obwohl  wir  ihre  Berech- 
tigung  und  Selbstiindigkeit  vollkommen  anerkennen,  gel- 
ten  uns  doch  vorzugsweise  als  die  Quellen  fiir  neue  Fra- 
gen,  deren  Beantwortung  der  pathologischen  Physiolo- 
gie  zufallt."  But  this  ,,pathological  physiology''  cannot 
nowadays  be  so  easily  detached  from  general  etiology 
as  it  was  in  the  days  of  Cohnheim,  when  bacteriology 
was  still  in  its  infancy. 

The  discrepancy  conspicuous  in  manuals  and  text- 
books has  appeared  likewise  in  the  practical  leaching 
of  general  pathology  at  the  different  universities.  This 
is  due,  in  a  great  respect,  to  the  enormous  ground 
this  science  has  gradually  covered,  and  to  its  varied 
technics.  Goethe  says:  ,,Ein  Leibartzt  musz  zu  allem 
taugen. --Wir  tingen  bey  den  Sternen  an --Und  endigen 
mil  Hiihneraugen."  And  matters  have  become  worse 
since  then.  It  has  been  getting  more  and  more  impos- 
sible for  one  man  to  master  the  whole  subject.  Conse- 
quently its  division  among  a  greater  number  of  teachers 
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has  been  more  readily  accepted,  and  local  or  personal 
circumstances  can  more  easily  influence  the  arrange- 
ments at  the  different  universities.  Two  circumstances 
have  proved  especially  mischievous  to  general  pathology. 
Firstly,  its  frequent  annexation  by  morbid  anatomy, 
as  the  rule  is  in  the  Scandinavian  countries  and  Ger- 
many, the  consequence  being  that  a  great  stress  is  laid 
by  the  teacher  upon  the  anatomical  sections  of  general 
pathology  at  the  expense  of  the  physiological  sections. 
Secondly,  the  annexation  of  bacteriology  by  the  chair  of 
hygiene,  thus  doing  injustice  to  the  pathology  of  infec- 
tious diseases,  removing  it  from  its  proper  place.  This 
matter  I  shall  return  to  presently. 

At  this  University  the  teaching  of  general  pathology 
has  taken  quite  a  special  form  consisting  of  nothing 
but  practical  laboratory  work  comprised  in  a  bacterio- 
logical, a  parasitological  and  an  experimental  pathologi- 
cal course.  No  systematic  teaching  by  means  of  lectures 
has  been  organized  till  now,  nor  could  it  be  to  any 
purpose  in  the  present  state  of  studies.  As  long  as 
general  pathology  is  not  a  special  subject  for  examina- 
tion, any  attempt  to  attract  a  great  number  of  students 
to  any  instruction  of  the  kind  is  sure  to  fail.  Not  that 
our  students  are  lazy  --on  the  contrary!  It  cannot  be 
denied  that  most  of  them  are  hard  working;  but  they 
are  on  the  stretch,  rushing  from  one  lecture  to  another, 
and  in  spite  of  their  many  years  of  study  -  -  seven  on 
an  average  they  have  no  time  for  anything  but 
what  is  absolutely  necessary  for  their  examination.  A 
small  number  of  lectures  and  colloquia  on  general  patho- 
logy I  started  by  way  of  experiment,  did  not  prove  a 
great  attraction. 

Matters  are  quite  different  when  we  turn  to  the 
laboratory  courses,  especially  with  the  bacteriological 
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classes.  They  were  started  at  a  moment  when  access 
to  the  teaching  of  medical  bacteriology  was  difficult 
everywhere2).  From  the  outset,  they  were  eagerly  atten- 
ded by  young  doctors;  later  on,  by  students  as  well. 
When,  ten  years  afterwards,  a  chair  of  general  pathology 
was  founded,  it  was  practically  the  chair  that  was  an- 
nexed to  the  laboratory  and  not  vice  versa.  The  result 
of  this,  and  a  happy  one,  was  that  the  teaching  of  bac- 
teriology was  committed  to  the  hands  of  the  professor 
of  general  pathology.  This  is  not,  as  we  know,  the 
case  at  all  universities,  medical  bacteriology  often  being 
entrusted  to  the  professor  of  hygiene.  This  remarkable 
plan  originated  in  Germany.  The  historical  explanation 
of  it  must  be  looked  for,  no  doubt,  in  the  fact  that 
bacteriology,  which  in  Germany  had  made  such  an 
immense  progress  under  the  leadership  of  Rob.  Koch, 
was  used  as  a  means  of  agitation  when  it  was  a  ques- 
tion of  carrying  through  the  foundation  of  hygienic 
institutions  at  the  German  universities.  It  may  have 
been  very  wise,  under  the  circumstances,  to  make  use 
of  that  expedient,  but  there  is  no  reason  why  such  an 
arrangement  should  be  adopted  in  other  countries.  The 
professor  of  hygiene  must,  of  course,  be  able  to  under- 
take bacteriological  researches,  and  every  hygienic  insti- 
tution is  nowadays  to  be  supplied  with  a  fully  furnished 
bacteriological  laboratory.  But  to  combine  the  teaching 
of  bacteriology  with  that  of  hygiene  would  be  as  unrea- 
sonable as  to  assign  the  teaching  of  pathological  ana- 
tomy to  the  professor  of  medical  jurisprudence  because 
the  latter  is  bound  to  master  the  pathological  anatomi- 
cal technique  and  to  have  a  post-mortem-room  at  his 
institution. 

Well  then,  at  this  University,  owing  to  special  cir- 
cumstances, the  practical  instruction   in  the  pathology 
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of  infectious  diseases  became  predominant  and  at  last 
(1900)  compulsory.     This  compulsory 

(1)  COURSE  OF  MEDICAL   BACTERIOLOGY    is    given  each 
term  to  thirty-three  students;  it  lasts  six  weeks,  during 
which  time  the  students  are  working  at  the  laboratory 
from  1  p.  m.  till  4  p.  m.  four  times  a  week.  This  is,  in  my 
opinion,  the   shortest   time  that   can   possibly  be  spent 
on  the  subject,  if  the  student  is  to  have  practise  in  gene- 
ral   bacteriological    technique,  become   acquainted  with 
the  most  important  clinical  bacteriological  methods  of 
research,  and    altogether  learn    sufficient   so    as    to    be 
able  to  go   on  working  by   himself  and  to  follow  and 
fully  understand  modern  medical  literature.    And  even 
then  it  is  necessary  to  put  one's  shoulder  to  the  wheel 
if  everything    shall  be  achieved  within   the   said  time. 
On  the  other  hand,  considering  the  great  many  subjects 
already  taught,  no  further  extension  of  the  bacteriologi- 
cal   training   is   possible.     Time  must   be   economised, 
and  to  make  room  for  the  most  important  subjects  it 
has    been    necessary    to    eliminate    several    sections    of 
applied  bacteriology,  such  as  the  experiments  with  disin- 
fectants, which  were  formerly  included,  and  to  restrict 
to    the  uttermost  minimum    the   introductory  lectures. 
The  tenor  of  the  course  is,  on  the  whole,  the  same  as 
in  other  places,  only  less  stress  is  laid  on  making  the 
students  go  over  a  great  number  of  species,  and  more 
on  their  using  the  material   for  illustrating  general  pa- 
thology of  infectious  diseases. 

Another  position  is  held  by 

(2)  THE  PARASITOLOGICAL  COURSE,  which  was  given  in 
the  laboratory  for  the  first  time  in  1901,  though,  owing 
to  the  circumstances,  in  a  fragmentary  form  only.   Since 
Max   Braun   in   the  first  edition   of  his  Parasitenkimde 
complained  that  no  helminthological  practica  were  given 
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at  the  universities,  no  such  great  alterations  in  this 
respect  have  been  made  as  one  might  have  expected 
considering  the  number  of  new  animal  parasites  that 
have  been  discovered  since  1888.  It  is  rare,  in  any  case, 
for  the  medical  student  to  get  access  to  such  systema- 
tic courses  in  the  science  of  the  animal  parasites  of 
man  as  are  given  by  Stiles  at  John  Hopkin's  and  Geor- 
getown Universities  as  parts  of  his  course  on  medical 
zoology,  or  by  Raph.  Blanchard  of  Paris,  where  there 
is  a  special  chair  of  parasitology  with  its  appurte- 
nant laboratory.  Still  rarer  is  it  for  the  medical  stu- 
dent to  have  the  opportunity  of  going  through  parasi- 
tological  practica  as  Braun  thought  desirable.  And  all 
this  in  spite  of  the  fact  that  Animal  Parasitology  has, 
of  late,  come  more  and  more  to  the  front.  Only  think 
of  all  the  Sporo/oa  investigations  that  have  been  made 
recently,  more  especially  the  malaria  investigations,  of 
the  researches  into  Texas  fever,  ngana,  dysentery,  fila- 
riosis,  etc. 

As  so  often  before,  special  political  views  have  here 
directed  the  course  of  scientific  investigations,  giving 
them  a  new  impulse.  Indeed,  colonial  policy  has 
afforded  to  numerous  investigators  an  opportunity  of 
studying  the  endemic  diseases  of  tropical  climates,  giving 
to  their  researches  the  great  practical  importance  which 
resulted  in  the  establishment  of  the  Schools  of  Tro- 
pical Medicine  at  Liverpool.  London,  Hamburg,  Bor- 
deaux and  several  other  places.  At  such  institutions  the 
study  of  animal  parasites  takes  a  prominent  place3); 
medical  work  in  the  tropics  requires,  Manson  rightly 
says,  something  more  than  a  smattering  of  helmintho- 
logy.  The  parasitologists,  on  their  side,  have  made  use 
of  the  enthusiasm  for  colonial  policy  to  further  their 
aims.  Thus  Blanchard,  in  his  periodical,  takes  this 
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position  when  agitating  in  favour  of  a  French  institu- 
tion of  tropical  medicine,  and  Stiles  refers  to  the  rela- 
tion of  the  States  to  the  Philippines4)  when  striving  for 
the  introduction  of  a  wider  parasitological  instruction 
at  the  American  Universities. 

It  is  beyond  all  doubt  that  animal  parasitology  can 
boast  a  development  which,  under  other  circumstances, 
would  have  amazed  the  medical  world,  but  which  is 
being  overshadowed  by  the  all-eclipsing  results  of  bac- 
teriological researches.  The  predominance  of  bacterio- 
logy has  also,  as  far  as  teaching  goes,  been  fatal  to 
parasitology.  I  have  tried  to  redress  this  wrong  by 
starting  a  practical  course  in  animal  parasitology  of  a 
similar  description  to  the  bacteriological  one.  Of  course, 
in  a  small  country,  with  such  limited  means  as  ours, 
a  course  of  instruction  like  the  one  offered  at  the  schools 
of  tropical  medicine  is  quite  out  of  the  question.  On 
more  than  one  important  point  we  had  to  put  up  with 
makeshifts  using  free  living  amoebae  instead  of  parasitic 
ones,  the  trypanosoma  of  the  hamster  instead  of  the 
surra  and  ngana  parasite,  demonstrating  malaria  prepa- 
rations instead  of  making  investigations  in  vivo,  etc. 
But  on  the  other  hand  such  practical  work  will  afford 
an  opportunity  for  following  some  of  the  fundamental 
experiments  of  helminthology,  as  feeding  with  trichinae 
and  possibly  with  some  form  of  hunia.  At  these  cour- 
ses special  stress  is  laid  upon  making  the  students 
carry  away  a  collection  of  preparations  to  be  referred 
to  during  their  future  studies. 

Only  a  restricted  number  are  admitted  to  each  of 
these  parasilological  courses.  It  is  to  be  hoped,  however, 
that  it  will  be  possible  some  day  to  so  increase  the  accom- 
modation that  all  students  can  attend  the  class.  Indeed, 
I  consider  such  laboratory  work  in  parasitology  as  of 
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the  greatest  importance  to  medical  training.  The  teaching 
of  pathology  of  infectious  diseases  is  only  partly  ac- 
complished by  means  of  a  bacteriological  course;  it  re- 
quires, as  a  necessary  supplement,  practical  laboratory 
work  with  the  animal  parasites,  even  though,  by  a  bold 
extension,  Bacteriology  is  made  to  embrace  the  sporozoa. 
Furthermore  such  parasitological  classes  will  necessarily 
lead  to  incursions  into  the  provinces  of  tropical  diseases 
and  geographical  pathology,  and  there  is  every  reason 
to  give  the  students  an  idea,  at  least,  of  these  impor- 
tant chapters  of  animal  and  vegetable  geography,  that 
they  have  neither  time  nor  occasion  to  enter  into  more 
thoroughly  during  their  studies. 


However  great  may  be  the  value  attributed  to  I  he 
two  above-mentioned  courses,  both  of  which  have  their 
starting  point  in  etiology,  pathological  physiology  ought 
to  be  the  central  point  in  the  teaching  of  general  patho- 
logy. 

I  have  already  explained  the  local  circumstances  which, 
at  the  University  of  Copenhagen,  made  it  necessary  to 
begin  with  bacteriological  instruction.  The  external  con- 
ditions for  adding  practical  work  in  animal  parasites 
were  rather  favourable.  This  was  far  from  being  the 
case  with  pathological  physiology.  Both  premises  and 
materials  were  wanting.  Being  of  opinion  that  it 
would  not  be  right  to  put  off  any  instruction  of  the  kind 
till  an  Institution  for  General  Pathology  had  been  estab- 
lished I  tried  to  procure  the  necessary  equipment  in  a 
private  way.  I  succeeded  in  making  the  Board  of  the 
,,Julius  Skrike  Fond"  feel  an  interest  in  the  matter,  and 
by  a  donation  they  enabled  the  Laboratory  to  obtain 
physiological  instruments  sufficient  for  ten  students  and 
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to  get  a  collection  of  physiological  apparatus  and  lite- 
rature. The  demand  for  special  premises  could  not  be 
supplied;  therefore  the  bacteriological  laboratory  had  to 
be  used  for  training  students  in  experimental  pathology 
as  well,  regardless  of  the  many  and  great  inconvenien- 
ces that  followed. 

Even  now  I  dare  not  propose  to  make  such  a  course 
in  experimental  pathology  compulsory  at  this  University. 
Not  that  I  make  light  of  its  importance.  On  the  con- 
trary; the  students  learn,  in  this  way,  how  to  make 
experiments.  There  is  no  belter  means  for  making  them 
understand  how  difficult  it  is  to  account  for  the  causes 
and  development  of  a  morbid  state;  or  how  momentous 
the  part  of  experimental  investigations  has  been  in  inter- 
preting the  observations  made  both  clinically  and  in 
the  post-mortem  room.  The  more  or  less  difficult  ex- 
periments which  they  have  an  opportunity  of  making, 
will  form  a  series  of  ,,experimenta  memorialia",  round 
which  a  great  deal  of  book-knowledge  will  crystallise  in 
their  memories.  My  only  reason  for  not  advising  the 
introduction  of  this  course  as  a  compulsory  one,  is 
that  so  many  compulsory  courses  which  may  be  con- 
sidered of  still  more  importance,  already  exist  at  our  Uni- 
versity. Such  a  course  would  necessarily  take  up  a  great 
deal  of  time  and  work.  We  could  never  ask  of  our  stu- 
dents such  intense  and  comprehensive  experimental  work 
as  they  do  at  certain  American  Universities  as  the 
Harvard  Medical  School,  where  Porter  has,  in  the  most 
admirable  manner,  organised  the  study  of  normal  physio- 
logy founding  it  on  experimental  courses5).  But  even 
if  we  are  more  modest  than  the  American  university 
teachers,  it  would  still  be  impossible  to  fit  a  compul- 
sory course  of  pathological  physiology  into  the  curriculum 
of  our  Faculty,  as  it  would  destroy  the  symmetry  of 
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the  syllabus.  It  is  a  different  thing  when  the  courses 
are  arranged  for  a  limited  number  of  voluntary  workers. 
That  should  give  the  more  advanced  and  zealous  students, 
who  could  find  the  time  for  and  would  be  glad  of  such 
a  course,  the  feeling  that  at  our  University  the  medical 
students  were  still  enjoying  some  of  that  „  freedom  in 
study''  which,  on  all  sides,  is  laid  down  as  a  principle, 
but  can  scarcely  be  said  to  exist  in  practise  any  longer, 
because  of  the  too  many  years  and  subjects  demanded 
by  the  curriculum. 

It  is  necessary,  of  course,  that  when  arranging  such 
an  experimental  course  of  pathological  physiology  one 
should  select  one  of  the  chief  subjects  of  pathology  as 
a  nucleus  for  practical  work,  round  which  experiments 
taken  from  various  other  domains  might  group  themsel- 
ves. The  physiologist  will,  as  a  rule,  choose  the  phy- 
siology of  the  nerves  and  muscles  as  the  main  object 
of  this  practical  work  in  normal  physiology,  and  if  we 
are  to  go  by  the  elementary  text-books  on  practical  phy- 
siology G)  there  is  apparently  unanimity  on  the  subject. 
But  whether  one  shares  this  view  or  not  —  and  I  for  one 
do  not  share  it  -  it  is  quite  certain  that  when  it  is  a 
question  of  a  course  of  pathological  physiology  the  choice 
must  be  different,  and  in  my  opinion  there  could  be  no 
doubt  but  that  the  theory  of  the  morbid  changes  in  the 
circulation  and  the  blood  must  be  the  main  subject. 

To  give  some  idea  of  the  form  and  extent  of  the 
practical  pathological  course  adopted  here,  I  add  the 
following  list  of  experiments  which  the  students  are  ex- 
pected to  perform: 

1.  Preparation  of  loci  electi  for  investigations  on  the 
circulation  of  the  frog  [web,  tongue,  lung,  mesentery]. 

2.  preparation  and  investigation  of  the  heart,  blood 
and  bone  marrow  of  frogs. 


14  — 


II 

Each  student  has  to  produce  the  following  morbid 
states  in  frogs  and  to  make  microscopical  examination 
of  the  same  in  vivo: 

3.  Venous  engorgement  and  bleeding  per  diapedesin 
and  per  rhexin  | tongue,  web|. 

4.  Stasis   and  alterations  of  vessels  (contraction  and 
dilatation)  from  chemical  causes  [tongue,  web,  lung). 

5.  Thrombosis  (red  and  white  thrombi;  mechanical 
and  chemical  influence)  [lung,  mesentery]. 

G.  Embolism  [lung|. 

7.  Local  hypenemia  and  amumia  (by  section  and  irri- 
tation of  nerves,  etc.)  [tongue,  web]. 

8.  Ischiemia  and  its  consequences  (inflammation,  ne- 
crosis) [tongue]. 

9.  Inflammation  (produced   by   cautery,  denudation, 
etc.)  [tongue,  cornea]. 

10.  Oedema  (hydremic  plethora,  etc.  in  frogs). 
Some  of  these  experiments   are   supplemented  by 
demonstrations  on  warm-blooded  animals:  for  ex- 
ample, experiments  on  the  rabbits'  ear,  guinea-pigs' 
mesentery,  etc.  are  made  to  illustrate  inflammation. 

•/  - 

11.  As  an  introduction  into  kymographic  experiments 
with   the  frog's   heart   some  practical  work  with 
normal  and  poisoned  muscle  preparations  is  done 
[gastrocnemius,  tongue]. 

12.  Different    cardiographic   experiments    on   a    frog's 
heart  under  normal  and  pathological  circumstances 
(poisons,  irritation  of  vagus,  etc.). 

13.  Artificial  circulation  in  a  removed  frog's  heart. 
To  this  is  added  a  series  of  experiments  in  patholo- 
gical conditions  of  the  blood  such  as 

1).  Changes  of  the   red   corpuscles   produced   by 

poisons,  burns,  anaemia,  etc. 
2).  Hyperleucocytosis  and  hypoleucocytosis. 
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3).  Hiumolytic  experiments  in  the  living  organism 
and  in  test-tubes  (normal  lysins;  -  -  lysins  pro- 
duced by  immunising;  --bacterial  lysins;  --im- 
mune body  and  complement). 

Of  the  other  experiments  undertaken  at  our  course, 
I  might  point  out  the  following: 

1.  Observation  of  regeneration  of  tissues  in  vivo  [tad- 
pole's tail]. 

2.  Production  of  various  degenerations. 

3.  Experiments  on  irritability  of  monocellular  orga- 
nisms (chemotaxis,  electrotaxis,  geotaxis  etc.). 


It  is  easily  seen,  that  all   these  three  courses  point 
in  the  same  direction,  towards  comparative  pathology. 

It  is  now,  no  doubt,  generally  accepted  that  compa- 
rative pathology,  in  the  widest  sense  of  the  word,  is 
the  end  of  all  pathological  research,  but  its  great  im- 
portance has  not  been  recognised  till  since  the 
middle  of  the  nineteenth  century.  Heusinger  then  fore- 
told that  we  were  standing  ,,a  la  veille  de  la  creation 
d'une  pathologic  comparee",  but  his  learned  Reche.rchcs 
de  pathologic  comparee  1844  were  written  more  from 
a  veterinary  and  epidemiological  than  from  a  general 
pathological  point  of  view.  Heusinger,  anyhow,  did  not 
seem  to  have  such  a  clear  grasp  of  the  aim  and  impor- 
tance of  comparative  pathology  as  Fenger,  who  already 
in  the  previous  year  had  treated  the  same  subject  with 
a  masterly  hand  in  a  short  paper  written  when  compet- 
ing for  the  post  of  medical  lecturer7).  Fenger  here 
deals  at  great  length  with  the  question  of  how  to  ex- 
plain the  low  standard  of  comparative  pathology,  and  de- 
mands that  it  shall  be  able  ,,to  show  the  evolution  of 
the  pathological  idea  through  the  animal  kingdom." 


II 

During  the  sixty  years  since  these  words  were  written 
comparative  pathology  has  advanced  with  giant  strides. 
The  continual  progress  of  veterinary  pathology  brought 
a  good  deal  of  new  matter,  but  bacteriology  has  done 
most  to  widen  the  range.  On  the  one  hand  it  has,  as 
it  were,  entirely  effaced,  as  far  as  infectious  diseases 
are  concerned,  the  line  between  animal  and  human  pa- 
thology, and  on  the  other  it  has  gradually  led  to  a  greater 
variety  of  animals  being  used  in  pathological  laborato- 
ries. But  also  many  other  factors  have  promoted  the 
development  of  a  comparative  pathology.  The  increasing 
experimental  character  of  zoology,  the  important  posi- 
tion which  in  embryology  is  held  by  the  experiments 
in  the  mechanics  of  development  and  teratology,  the 
studies  of  everything  connected  with  the  irritability  of 
monocellular  animals,  and  a  number  of  other  circum- 
stances have  led  to  a  much  greater  increase  in  the 
quantity  of  pathological  material  than  any  one  could 
have  dreamt  of  fifty  years  ago.  Experimental  patho- 
logy nowadays  is  looking  for  its  subjects  all  over 
the  animal  and  vegetable  world.  If  Fenger  could  have 
read  Metschnikoffs  Lecons  snr  la  pathologic  comparee 
de  I' inflammation,  he  would  certainly  have  found  them 
quite  in  accordance  with  his  ideas. 

But  if  certain  parts  of  pathology  allow  of  such  a  com- 
parative treatment,  the  time  is  still  far  distant  when  the 
medical  student  can  expect  to  be  taught  comparative 
pathology  in  a  systematic  way;  the  latter  science  may 
perhaps  never  become  an  appropriate  subject.  Still, 
whenever  general  pathology  is  taught,  the  ultimate  end 
should  be  pointed  out.  The  three  courses  described 
above  are  perfectly  well  fitted  for  that  purpose.  In  fact, 
when  making  parasitological  experiments  the  students 
are  working  just  as  much  or  rather  more  with  diseases 
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of  animals  than  with  diseases  of  human  beings;  and  in 
the  experimental  pathology  course  the  animal  world 
is  represented  from  the  proto/oa  to  the  mammalia. 

I  have  dwell  so  long  on  these  laboratory  courses 
because,  in  my  opinion,  practical  work  ought  to  be  the 
chief  point  when  general  pathology  is  taught  as  a  univer- 
sity subject,  and  because  I  think  that,  at  most  univer- 
sities, too  little  attention  is  paid  to  this  side  of  the  study. 
Indeed,  especially  with  regard  to  pathological  physiology 
sensu  strictiori,  no  Faculty  that  I  know  intimately  or  from 
which  I  have  gathered  information  about  curricula  has 
organised  a  similar  practical  course  as  we  have  done  here. 

I  hope  these  practical  courses  will  remain  as  part  of 
the  teaching  of  pathology  at  our  University.  However, 
it  would  be  better  if  the  two  of  them  that  naturally  go 
together,  were  made  into  one  course  on  the  pathology  of  in- 
fectious diseases.  Further  the  laboratory  work  in  experi- 
mental pathology  ought  to  be  gradually  extended  so  as  to 
include  an  increasing  number  of  the  different  parts  of  pa- 
thological physiology.  The  task  of  the  teacher  will  be  lo 
select  and  arrange,  among  the  many  diversified  experi- 
ments, those  which  are,  at  the  time,  fundamental,  instruc- 
tive, and  easy  to  carry  out,  and  to  help  the  students  to 
work  into  a  whole,  by  means  of  lectures,  colloquia  and 
their  independent  studies,  the  rich  material  of  experi- 
ments and  observations  which  they  have  gathered  at  the 
two  courses. 

I  do  not  think  it  necessary  to  enter  more  thoroughly 
into  the  question  of  the  theoretical  training  which  is 
to  go  together  with  practical  laboratory  work.  I  only 
want  to  point  out  that,  in  my  opinion,  it  is  to  be  given 
through  examinatoria.  As  already  stated,  the  subjects  to 
be  taught  are  general  etiology  and  general  pathological 
physiology.  This  is  also  the  limitation  of  the  subject 
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accepted  by  authors  like  Samuel  and  Hallopeair.  Samuel 
seems  to  me  to  be  on  the  whole  the  man  who,  in  the  most 
successful  way,  has  made  the  enormous  matter  of  ge- 
neral pathology  accessible  to  students.  But  his  Compen- 
dium dcr  allgemeinen  Pathologic,  Stuttgart  1880,  which  in 
its  time  was  too  little  used  and  too  little  appreciated,  is 
antiquated  long  ago. 

It  will  not  even  be  difficult  to  draw  the  line  between 
general  pathology  as  a  branch  of  study  and  the  neigh- 
bouring subject,  morbid  anatomy.  The  teaching  of 
morbid  anatomy  has  long  ago  taken  a  fixed  form, 
and  is  nearly  everywhere  organised,  on  Virchow's  plan, 
in  postmortem  work,  demonstrations  of  postmortem 
material  and  practical  courses  of  pathological  histo- 
logy- 

The  plan  of  an  Institute  for  General  Pathology  accor- 
ding to  the  principles  stated  above  is  the  direct  out- 
come of  these  ideas.  It  should  contain  two  departments. 
One  of  these  should  be  devoted  to  pathology  of  infections 
diseases.  In  its  equipment  due  consideration  should  be  gi- 
ven no  less  to  animal  parasites  than  to  bacteria  and  fungi. 
It  should  be  provided  both  with  a  collection  of  pathologi- 
cal anatomical  preparations  to  illustrate  those  diseases 
of  animals  which  the  students  would  have  to  deal  with 
in  their  laboratory  work,  and  with  the  literary  and  car- 
tographic works  necessary  for  the  study  of  epidemiology 
and  geographical  pathology.  The  other  department  —  for 
pathological  physiology  — should,  to  all  intents  and  pur- 
poses, be  arranged  as  a  normal  physiological  laboratory 
and  equipped  with  aquariums  and  terrariums  in  the  same 
way  as  all  modern  zoological  institutions  are. 

In  full  conformity  with  these  principles  is  the  sketch 
of  a  General  Pathological  Institute  I  have  worked  out, 
and  which  is  to  form  part  of  the  great  plan  of  hospitals 
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and   medical    institutions  which  has  been  the  order  of 
the  day  in  this  country  for  many  years. 


I  have  not,  I  think,  given  general  pathology  too  pro- 
minent a  place  in  the  medical  curriculum,  nor  made  it 
take  up  too  much  of  the  students'  time.  For  many 
reasons  it  ought  to  be  in  the  front  rank.  It  is  at  the 
same  time  a  repetitorium  of  normal  physiology  and  a 
bond  between  this  fundamental  subject  and  the  clinical 
subjects.  It  is  the  natural  neutraliser  of  the  many  draw- 
backs resulting  from  the  increase  of  specialism. 

Indeed,  the  rapid  development  of  specialities  has 
caused  a  disunion  within  the  curriculum.  The  boon 
the  patients  derive  from  this  specialising  and  the  in- 
crease in  technical  knowledge  demanded  of  the  medical 
man  make  it  necessary  for  the  student  to  acquire  prac- 
tical knowledge  of  every  speciality.  The  drawback  of  this 
stale  of  things  is  that  the  specialist,  who  is  enthusiastic 
about  his  subject,  will  nearly  always  forget  the  true 
standing  of  his  own  speciality  within  the  whole  range 
of  subjects.  The  Faculty  of  Copenhagen  has  tried  to 
meet  the  just  demands  of  specialists  by  organising  a 
series  of  compulsory  courses,  at  the  same  time  protect- 
ing students  against  unreasonable  claims  by  not  mak- 
ing the  numerous  specialities  particular  subjects  for  exa- 
mination. But,  anyhow,  the  growing  disunion  calls  for  a 
counteraction,  a  rallying  subject,  and  no  subject  is  more 
suitable  for  such  a  counteraction  than  general  patho- 
logy. Within  the  circle  of  medical  subjects  in  the  stric- 
ter sense  of  the  word,  having  reference  to  diseases  and 
their  cure,  general  pathology,  and  with  it  morbid  ana- 
tomy, stand  as  the  only  two  representatives  of  pure  na- 
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tnral  science  which  accompany  the  students  during  the 
last  years  of  their  University  training. 

At  all  times  it  has  been  a  difficult  task  for  the  me- 
dical faculties  to  keep  the  balance  between  the  practical 
and  theoretical  branches  of  study,  and,  beyond  all  ques- 
tion, for  the  last  generation  the  practical  side  has  had 
the  best  of  it.  A  very  extensive  technical  training  is 
absolutely  necessary  for  the  student  nowadays  if  he 
wishes  to  become  a  tolerably  good  doctor,  and  it  is 
only  natural  that  this  side  of  the  subject  should  prove 
very  attractive  to  him  on  account  of  its  immediate  use- 
fulness. This  is  a  good  reason  why  the  universities 
should  take  care  lest  the  place  taken  by  the  natural 
science  subjects  should  become  too  subordinate.  And 
it  is  of  still  greater  importance  to  lay  stress  upon  the 
training  in  natural  science  when  many  years'  overpro- 
duction of  doctors  is  threatening  to  impair  the  social 
standing  of  the  medical  men,  in  spite  of  the  fact  that 
the  great  bulk  of  young  doctors  leave  the  University 
with  a  greater  and  more  solid  practical  knowledge  now 
than  at  any  other  lime.  It  is  quite  silly,  anyhow,  to 
believe  that  ethics  and  trade-unionism  can  help  the  lame 
dog  over  the  stile.  The  means  by  which  the  working 
class  has  raised  its  condition,  will  never  be  of  any  good 
to  the  medical  profession,  whose  prominent  social  stand- 
ing in  former  days  was  due  to  quite  other  causes  than 
economic  ones. 

The  difficulties  I  am  speaking  of  here,  are  not  local. 
They  are  felt  in  other  countries  as  well.  At  least,  the 
concluding  words  of  Krehl's  preface  to  his  Pathologische 
Physiologic  (1898)  seem  to  point  in  the  same  direction. 
He,  too,  thinks  there  is  every  reason  to  bring  to  remem- 
brance the  fact  that  ..Wirksamkeil,  Bedeutung  und  An- 
sehen  des  ar/tlichen  Standes  in  dem  gleichen  Maasse 
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sinken    .    .    wie    der    Arzt    aufhort    Naturforscher    zu 
sein." 


In  the  above  I  have  been  trying  to  put  forward  the 
programme  for  the  success  of  which  I  have  been  work- 
ing for  a  great  many  years.  It  really  looks  as  if  the 
prospect  of  its  complete  realization  was  not  so  unfavour- 
able after  all.  I  pointed  out  above  that  the  two  desi- 
derata of  most  importance  were  these:  the  admission 
of  general  pathology  into  the  curriculum  as  a  subject  for 
examination,  and  the  foundation  of  an  Institute  for 
General  Pathology. 

The  former  is  already  half  realized.  Indeed,  while 
this  paper  was  being  written,  the  Royal  assent  was 
given  to  the  proposed  reform  of  the  medical  curriculum 
which  last  winter  was  worked  out  by  the  Faculty.  Ac- 
cording to  this  proposal,  general  pathology  will  not 
only  be  admitted  into  the  curriculum,  but  is  to  be 
the  object  of  both  a  paper  and  a  viva  voce  examination. 
Eight  years  must  pass  before  this  examination  can  be 
held  for  the  first  lime,  but  the  Faculty  has  now  recog- 
nised in  principle  the  altered  position  of  general  patho- 
logy- 

As    regards    the    Institute,    there   are    fair    prospects 

for  its  establishment.  There  is  every  reason  to  hope 
that  the  plans  of  the  new  clinical  hospitals  and  medi- 
cal institutions  will  be  accepted  during  the  next  Parlia- 
mentary session,  and  amongst  these  is  one  for  the 
much  needed  Institute  for  General  Pathology. 

One  point  only  it  has  been  necessary  to  relinquish. 
The  department  for  applied  medical  bacteriology  into 
which  I  formerly  hoped  I  should  be  able  to  convert 
the  Sero-therapeutical  Department,  has  been  lost  to  the 
Copenhagen  University.  But  it  has  now  been  resuscitated 
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as  the  State  Serum  Institute  both  on  a  much  larger 
seale  and  much  heller  equipped  than  would  otherwise 
have  been  the  case. 

Nor  is  this  department  entirely  lost.  The  new  In- 
stitute has  undertaken  to  assist  in  the  educational  work 
of  the  University,  and  through  its  rich  possession  of 
material  illustrating  the  problems  of  the  theory  of  im- 
munity, the  State  Serum  Institute  will  always  be  of 
importance  to  general  pathology  as  a  university  subject. 
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SVANTE  ARRHENIUS  AND  THORVALD  MADSEN 

PHYSICAL  CHEMISTRY  APPLIED  TO  TOXINS  AND  ANTITOXINS 


The  modern  theory  of  solutions  has  had  from  the 
beginning  an  intimate  connection  with  physiology; 
the  investigations  of  Pfeffer  and  De  Vries  concer- 
ning plasmolyse  being  one  of  the  starting  points  for  the 
theoretical  researches  of  Van't  Hoff.  Since  then  there 
have  been  different  adaptions  of  physical  chemistry  to 
physiological  phenomena.  In  this  respect  it  will  be  suf- 
ficient to  mention  the  text  books  of  Cohen,  Koeppe  and 
Hamburger,  giving  a  general  summary  of  the  investi- 
gations in  this  field  of  work. 

It  has  not  as  yet  been  possible  to  introduce  the 
methods  of  physical  chemistry  into  the  theory  of  immu- 
nity. This  is  probably  due  to  the  circumstance,  that  the 
facts  at  our  disposal  have,  up  to  the  present  time  been 
of  very  unequal  value,  the  methods  of  investigation 
being  inevitably  imperfect.  Some  of  the  most  prominent 
investigators  of  immunity  have,  as  is  well  known,  already 
tried  to  interest  physical  chemists  in  their  experiments; 
but  the  researches  being  nearly  exclusively  of  a  qualita- 
tive nature  were  not  then  sufficiently  advanced  for  the 
methods  of  physical  chemistry  to  be  applied  to  them. 

To  Ehrlich  belongs  the  honour  of  the  first  theoretical 
foundation  of  the  science  of  immunity,  he  having,  through 
the  labours  of  many  years,  worked  out  exact  methods 
for  the  quantitative  measurement  of  toxins  and  antitoxins. 
When,  by  these  means,  we  had  gained  a  wide  amount 
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of  experience  of  a  few  toxins,  especially  that  of  diph- 
theria, we  had  reached  a  point  where  we  could  extend 
this  principle  of  measurement  to  others.  So  long  as 
these  measurements  could  only  be  practised  on  living 
animals,  the  number  had  in  the  nature  of  things  to  be 
strictly  limited.  It  was  therefore  a  great  step  forward 
when  Ehrlich  introduced  experiments  with  test  tubes, 
for  the  measurement  of  toxins  and  antitoxins  and  dis- 
covered bodies,  whose  reaction  was  recognizable  in  vitro. 
We  have  just  such  a  body  in  the  tetanolysin1),  which  by 
simple  colorimetric  methods  can  be  measured  with  great 
exactitude  in  vitro.  It  has  this  great  advantage,  that  it 
is  neutralised  by  its  antitoxin  in  an  apparently  similar 
manner  to  the  diphtheria  toxin,  hitherto  the  most  tho- 
roughly studied  of  the  toxins. 

The  tetanolysin  must  therefore  be  looked  upon  as 
very  well  suited  to  quantitative  determinations  and  there- 
fore to  physico-chemical  studies,  as  the  manner  of  ex- 
perimenting in  vitro  allows  variations  in  the  conditions 
of  experiment,  to  a  much  greater  extent  than  is  the  case 
with  living  animals.  If  we  take,  for  instance,  the  velocity 
of  reaction  between  tetanolysin  and  red  blood  corpuscules 
or  between  tetanolysin  and  antitetanolysin,  or  the  influ- 
ence of  temperature,  this  could  only  be  investigated 
with  great  difficulty  if  at  all  in  animal  experimentation.. 

The  first  thing  to  be  done  was  to  procure  a  large 
amount  of  data  and  of  such  a  kind,  that  it  could  be 
easily  accessible  for  the  theoretical  calculations  used  in 
physical  chemistry.  A  cooperation  between  two  persons 
could  hardly  be  dispensed  with.  One  was  needed  to  see 
that  the  experiments  wrere  made  systematically  from  a 
physico-chemical  stand-point;  another  had  to  be  familiar 


')  Th.  Madsen:  Ueber  Tetanolysin,  Zeitsehr.  f.  Hygiene  etc.  XXXII.  1899. 
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with  the  methods  of  working  and  the  problems  of  ex- 
perimental pathology. 

As  appears  from  the  following,  one  of  us  collected 
during  a  space  of  two  years  a  great  amount  of  infor- 
mation concerning  the  neutralisation  of  tetanolysin  by 
antitoxin,  whereby  a  conception  of  this  phenomenon 
was  obtained  which  was  different  from  the  previous 
one.  At  the  same  time  a  great  many  investigations  were 
made  into  the  ruemolytic  action  of  bases,  previously 
used  by  Danysx  as  a  help  to  investigation  of  haemolytic 
toxins1),  and  the  curious  action  was  discovered,  which 
salts  of  ammonia  have  upon  ammonia  in  that  respect. 
These  two  phenomena  seemed  to  be  very  like  two 
corresponding  phenomena  in  physical  chemistry  -  -  the 
phenomenon  of  neutralisation  and  the  action  of  ammo- 
nia salts  upon  the  electrolytical  dissociation  of  ammonia. 

Since  we  had  obtained  this  result  it  seemed  possible 
for  us  to  continue  our  work  in  this  direction  with  the 
hope  of  making  still  further  progress.  So  last  summer 
we  made  a  series  of  experiments  together.  The  result  of 
these  being  not  quite  conclusive,  we  resumed  them  this 
summer.  Although  we  do  not  claim  to  have  treated 
exhaustively  this  exceedingly  interesting  subject,  yet  we 
believe  that  we  can  offer  a  solution  of  some  of  the  pro- 
blems connected  with  it.  In  the  present  essay  we  shall 
communicate  the  most  important  results  of  our  investi- 
gations and  we  hope  that  in  the  future,  we  shall  be 
able  to  continue  our  work  and  increase  our  experience 
in  this  field.  Some  short  papers  on  the  results  we  have 
obtained  have  already  been  read  before  the  Royal  Aca- 
demy of  Science  in  Stockholm  (October  1901)  and  be- 
fore the  Congress  of  Naturalists  at  Helsingfors  (July  1902). 

')  Danysz:  Contribution  a  I'etude  de  rimmunite.    Proprk'tes  des  melanges  des  toxines 
avcc  Icurs  antitoxines.    Constitution  des  toxines.    Annales  de  1'Inst.  Pasteur  1899. 
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Methods  of  investigation. 

As  we  have  already  stated,  the  test  tube  method  per- 
mits us,  in  a  comparatively  short  time,  to  carry  out  a 
great  number  of  experiments. 

The  red  blood  corpuscles,  which  served  for  our  ex- 
periments, were  emulsionated  with  an  aqueus  solution  of 
equal  osmotic  pressure.  As  a  rule  we  used  horseblood, 
which  was  centrifugalised;  after  the  serum  was  taken 
away,  the  corpuscles  were  shaken  up  with  isotonic 
solution  and  again  centrifugalised  in  order  to  remove 
the  rest  of  the  serum.  Of  these  red  corpuscles,  which 
had  been  so  washed  out,  25  cc.  were  added  to  1000  cc. 
of  a  0,85  %  solution  of  sodium  chloride.  Under  some 
conditions  this  sodium  chloride  would  have  had  a  che- 
mical action  upon  the  bodies  to  be  experimented  on. 
In  such  experiments  a  7,79  %  solution  of  cane  sugar 
took  the  place  of  the  0,85  %  NaCe  solution.  In  other 
cases  we  varied  the  quantity  of  the  blood. 

10  cc.  of  this  blood  emulsion  already  thoroughly  sha- 
ken were  measured  into  a  tesl  tube,  to  which  by  means 
of  a  pipette,  a  certain  amount  of  the  solution  to  be  ex- 
amined was  added.  If  the  experiment  has  been  succes- 
full  a  certain  amount  of  red  blood  corpuscles  will  be 
dissolved.  The  added  sol  u  I  ion  always  therefore  must 
contain  some  hremolytic  body,  telanolysin  or  alkali,  be- 
sides other  substances  which  might  possibly  have  an 
effect  upon  the  haemolytic  process  without  themselves 
having  a  hiemolytic  action.  For  the  greater  part  of  the 
experiments  a  temperature  of  37°  C.  was  used.  Then 
all  the  test  tubes  after  a  thorough  shaking  were  at 
once  put  into  a  water-incubator  of  the  said  temperature 
for  1  hour.  They  were  then  taken  out  and  put  into  an 
ice  safe  for  about  20  hours.  At  such  a  temperature 
(about  7°  C.)  the  haemolysis  progresses  very  slowly,  and 
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thus  the  red  blood  corpuscles  sink  to  the  bottom  of  the  test 
tube  without  being  further,  to  any  great  extent,  affected. 

This  method  gives  us,  as  will  be  shown  later  on, 
more  complicated  results  than  those  methods  in  which 
the  reaction  is  suddenly  interrupted.  The  latter  was 
used,  when  an  exact  determination  of  the  time  of  the 
reaction  was  required.  Then  the  test  tubes,  when  the 
reaction  was  over,  were  put  into  a  mixture  of  salt  and 
ice,  so  that  their  temperature  in  a  few  minutes  was  re- 
duced to  0°  C.  After  that  they  were  as  a  rule  centri- 
fugalised;  this  took  about  6  minutes. 

If  we  add  a  large  amount  of  haemolytic  body  to  the 
bloodmixture,  complete  haemolysis  occurs.  Starting 
from  a  certain  concentration  upwards,  all  toxins  appa- 
rently act  in  the  same  manner,  total  haemolysis  having 
then  taken  place  (under  the  category  of  toxin  we  in- 
clude all  the  haemolytic  acting  substances).  On  the  other 
hand  the  haemolysing  action  decreases  rapidly  with  the 
decreasing  quantity  of  toxin.  If  therefore  the  quantity 
of  toxin  is  below  a  certain  amount  the  haemolysis  pro- 
duced is  not  recognizable.  Quantifies  of  toxin,  the  ac- 
tion of  which  would  be  to  produce  almost  complete 
haemolysis  or  on  the  other  side  be  very  near  the 
limit,  where  it  becomes  recognizable,  are  unsuitable  for 
these  investigations.  When  we  used  the  2,5%  blood 
mixture,  we  obtained  the  most  exact  results  in  the 
cases  where  the  haemolysis  comprised  4 — 20  percent  of 
the  red  blood  corpuscles.  To  this  variation  in  the  strength 
of  haemolysis  a  variation  in  the  amount  of  toxin  in  the 
relation  of  about  1 :  3  corresponded.  It  is  thus  a  com- 
paratively small  interval  in  which  the  doses,  suitable 
for  the  experiments,  lie. 

We  proceeded  therefore  in  such  a  way,  that  to  10  cc. 
of  bloodmixture  different  amounts  of  toxin  were  added 
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and  we  aimed  at  selecting  these  in  such  a  way  thai  as 
many  as  possihle  of  the  experiments  gave  results,  which 
were  easily  measured.  Take  for  instance  from  the  toxin- 
mixture  to  be  examined  the  following  amounts  1,0,  0,8, 
0,6,  0,5,  0,4,  0,3,  0,25,  0,2,  0,18,  0,12  and  0,1  cc.  and  add  each 
separately  to  10  cc.  emulsion  of  blood.  Put  all  these 
test  tubes  at  the  same  time  into  the  incubator  and  then 
in  the  ice  safe.  The  best  result  is  obtained  from  this 
series  when  a  haemolysis  of  about  10%  occurs  in  the 
case  of  the  doses  0,4—0,25  cc.  When  we  know  before- 
hand approximately  the  amount  of  toxin  with  which 
this  occurs,  the  number  of  lubes  may  be  diminished, 
excluding  the  three  first  and  the  three  last.  In  most  of 
the  cases,  each  series  included  6  or  8  different  doses  of 
toxin. 

It  would  be  well,  from  the  beginning,  to  emphasize 
that  in  these  investigations  errors  of  experiment  occur 
much  oftener  than  in  ordinary  physico-chemical  ex- 
periments with  solutions.  It  may,  for  instance,  happen 
that  a  greater  amount  of  toxin  has  a  weaker  action 
than  a  smaller  one.  This  may  be  accounted  for  by  the 
fact  that  in  some  cases  the  added  number  of  blood- 
corpuscles,  through  inadequate  shaking,  was  not  the  same 
in  all  the  tubes.  This  occurred  in  a  very  high  degree 
in  some  cases,  where  the  blood  corpuscles  from  some 
unknown  reason  showed  a  strong  tendency  to  aggluti- 
nate. When  the  diluted  blood  had  been  standing  for 
some  time  in  the  test  tubes,  before  toxin  was  added,  a 
hasty  glance  was  sufficient  to  show  that  in  this  case 
the  number  of  red  corpuscles  differed  very  greatly  in 
the  different  test  tubes,  varying  in  the  proportion  1  :  5. 
This  arose  from  the  very  quick  sedimentation  of  these 
agglutinated  corpuscles,  so  that  the  blood  from  this 
horse  must  be  rejected  as  unsuitable  for  our  experi- 
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ments.  Usually  the  corpuscles  sink  to  the  bottom,  so 
that  a  moderate  shaking  was  sufficient  to  obtain  uni- 
form results.  Perhaps  the  above  irregularity  may  be 
accounted  for,  that  also  in  the  case  of  not  agglutinating 
blood  a  smaller  number  of  corpuscles  than  usual  by 
some  accident  may  have  got  into  some  of  the  test  tubes. 
Oilier  reasons  may  be  added  for  such  errors  of  experi- 
ment as,  for  instance,  the  difficulty  of  measuring  small 
quantities  with  sufficient  exactitude.  We  therefore  avoided 
as  far  as  possible  measuring  smaller  quantities  than 
0,2  cc.  Were  smaller  doses  necessary,  a  dilution  1 : 5  or 
1  :  10  was  used. 

Through  using  many  test  tubes  in  one  series,  it  was 
easy  to  discover  such  accidental  errors  and  eliminate 
their  effect.  Yet  it  happened  sometimes  that  a  whole 
series  deviated  from  the  normal  series.  For  such  rea- 
sons it  is  necessary  to  have  a  great  many  control  ex- 
periments to  avoid  mistakes.  It  is  therefore  only  a  small 
part  of  our  experiments,  which  are  given  here. 

The  experiments  have,  as  a  rule,  had  as  their  object, 
to  determine  the  hannolytic  power  of  various  mixtures 
of  toxin.  From  each  mixture  of  toxin,  a  series  was  prepa- 
red according  to  the  above  method.  The  different  series 
were  treated  as  uniformly  as  possible,  and  after  the 
corpuscles  had  subsided  (during  a  period  of  20  hours 
in  the  ice  safe)  the  dissolved  amount  of  blood  was  esti- 
mated through  comparing  the  colours  by  means  of  a 
scale.  The  colour  scale  was  easily  prepared  in  the  fol- 
lowing manner:  2,5  cc.  red  blood  corpuscles  were  added 
to  97,5  cc.  pure  water,  whereupon  complete  haemolysis 
occurred  and  a  coloured  fluid  was  obtained.  The  co- 
lour strength  of  this  was  put  at  100.  Through  diluting 
it  in  proportions  1 :  2,  1 :  4,  1 :  5  etc.  the  degrees  of  co- 
lour 50,  25,  20  etc.  were  obtained,  corresponding  to  a 
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hiemolysis  ot  50,  25,  20%  etc.  10  cc.  of  these  dilutions 
were  put  into  test  tubes  similar  to  those  used  in  the 
experiments.  With  these  fluids  of  different  shades  in 
test  tubes,  the  tubes  under  experiment  were  compared, 
and  it  was  thus  shown,  how  many  of  the  red  blood 
corpuscles  had  been  dissolved.  The  mixtures  of  toxin 
which  had  yielded  the  same  degree  of  hiemolysis,  were 
considered  to  have  an  equal  amount  of  toxicity.  In  some 
cases,  for  instance  in  experiments  with  toxin  and  anti- 
toxin where  the  active  toxin  was  the  same,  the  same 
toxicity  corresponded  to  the  same  amount  of  free  toxin 
pr.  cc.  In  these  experiments  we  have  taken  into  consi- 
deration that  the  amount  of  fluid  varied  in  the  different 
quantities  of  mixture  of  toxin  added. 

In  the  first  experiments  the  hrcmolysed  percentage 
of  blood  corpuscles  was  not  determined.  We  confined 
ourselves  to  show  the  amounts  of  these  different  doses 
of  toxin,  which  had  brought  about  the  same  degree  of 
haemolysis,  without  trying  to  determining  the  absolute 
amount  of  this. 

We  must  not  forget  to  mention  that  after  a  few  days 
the  scale  of  colours  must  be  renewed,  because  the 
blood  turns  violet  and  is  therefore  useless  for  purposes 
of  comparison. 

Most  of  our  experiments  are  carried  out  by  tetano- 
hjsin.  This  was  prepared  2  years  ago  by  a  culture  of 
Bacillus  tetani,  kindly  sent  us  by  Geheimrath  Ehrlich. 
Several  broth  cultures  of  this  microbe  were  mixed  to- 
gether and  precipitated  in  the  usual  way  with  ammo- 
nium sulphate.  During  these  two  years,  it  was  found 
that  this  toxin  got  weaker  and  weaker.  The  antitoxin 
used  was  kindly  presented  to  us  by  Dr.  Libbertz,  Farb- 
werke  Meister,  Lucius  &  Bri'ming,  Hochst  a/m.  The 
normal  serum  which  we  used  was  usually  prepared 
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from  horseblood  immediately  before  the  experiments 
took  place.  The  inorganic  preparations  such  as  bases,  salts 
and  acids  were  of  the  best  kind  which  could  be  pro- 
cured, and  they  were  tested  by  comparison  with  nor- 
mal solutions. 

Experiments  with  varying  quantities  of  active  bodies. 

As  an  example  of  the  above  mentioned  series  of  ex- 
periments, the  following  may  be  cited,  in  which  the 
amount  of  blood  was  (nearly)  constant  and  the  amount 
of  toxin  varying.  The  toxin  used  was  partly  a  solution 
of  1  part  dried  tetanolysin  to  499  water,  which  we  will 
call  simply  0,2%  lysin  -  -  and  partly  a  0,05  n  solution 
of  ammonia.  These  solutions  were  added  to  10  cc. 
2,5  %  blood.  The  result  is  shown  in  the  following  table, 
where  a  signifies  the  amount  of  the  solutions  added, 
expressed  in  cc.,  b  the  percentage  of  haemolysis;  c  and 
(/  the  calculated  quantities,  whose  significance  will  be 
indicated  below.  The  lysin  had  been  standing  in  solu- 
tion for  (5  days  (in  an  ice  safe),  and  had  therefore 
become  about  3  times  weaker  than  fresh  lysin. 

The  action  of  varying  amounts  of  lysin  upon  2,5  °/0  blood  for  1 
hour  at  37°  C: 

a  b  c  d 

1,0  45  0,91  7,4 

0,8  25  0,74  6,8 

0,6  14  0,57  6,6 

0,5  7  0,48  5,5 

0,45  6  0,43  5,7 

0,4  3,5  0,38  4,9 

0,35  4  0,34  5,9 

0,3  2,5  0,29  5,5 

0,25  2,5  0,24  6,6 

0,2  1,7  0,20  6,5 

0,17  1  0,17  5,9 

0,13  0,5  0,13  5,4 

—  n  - 
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It  appears  that  the  haemolysis  increases  rapidly  with 
increasing  amounts  of  lysin.  The  irregular  course  of 
the  ciphers  shows  that  the  errors  of  experiments  are 
not  insignificant.  The  haemolysis  increases  roughly 
speaking,  in  proportion  to  the  square  of  the  concen- 
tration c  of  the  toxin;  this  is  calculated  after  the  for- 
mula c  --  =  jjp^-,  being  directly  proportional  to  the  added 
quantity  a  and  inversely  to  the  volume  10  -f  a.  If  the 
square  root  of  b  be  divided  by  c,  then  the  result  is 
nearly  constant  as  indicated  under  d.  Their  mean  would 
be  6,1,  and  the  deviations  from  this  are  so  small  that 
they  do  not  go  beyond  errors  of  experiment.  Three 
other  series  of  experiments  carried  out  with  lysin  about 
the  same  time  showed  similar  results. 

An  experiment  with  0.05  n  ammonia  gave  the  fol- 
lowing results: 

The  action  of  varying  amounts  of  ammonia  upon  2,5  %  blood. 
1  hour  at  37°  C: 

a                   b                   c  d 

1,0  65  0,84  9,6 

0,8  55  0,67  11,1 

0,6  37  0,50  12,3 

0,5  27  0,40  12,8 

0,45  16  0,36  11,1 

0,4  12  0,31  11,1 

0,35  6  0,27  9,2 

0,3  5  0,22  10,2 

0,25  1,5  0,17  7,2 

0,2  0,7  0,12  6,8 

0,17  0,6  0,09  8,3 

0,13  0,4  0,05  11,6 

The  result  of  these  experiments  is  shown  in  fig.  1,  in 
which  the  dotted  line  represents  the  ammonia  and  the 
straight  one  the  tetanolysin.  For  ammonia  c  is  calculated 
from  the  formula  c  =  -5''  because  lne  ammonia 
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contained   in  0,075  cc.  of  the  added  solution   is   bound 
by  the  blood-corpuscles  in  10  cc.  of  2,5  %  blood. 


Fig.  1. 

This  chemically  fixed  ammonia  is  in  proportion  to 
the  amount  of  blood,  as  appears  from  a  special  experi- 
ment tabulated  below,  which  shows  the  greatest  amounts 
of  1/27  n  ammonia  and  of  1/20  n  sodium  hydrate  which 
can  be  added  to  various  amounts  of  blood  without  hae- 
molysis occurring. 
Amount  of  base,  which  combines  with  varying  amounts  of  blood : 


Amount 

NaOH 

NH3 

of  blood 

fixed 

fixed 

a% 

b  cc. 

b 

c 

c 

(calculated) 

(calculated) 

20 

0,6 

0,6 

0,82 

0,82 

10 

0,27 

0,3 

0,42 

0,41 

5 

0,14 

0,15 

0,19 

0,20 

2,5 

0,09 

0,075 

0,11 

0,10 

1,25 

0,047 

0,038 

0,055 

0,05 

0,62 

0,018 

0,019 

0,027 

0,025 

0,31 

0,011 

0,010 

0,014 

0,013 

The  calculated  amounts  af  NaOH  and  NH3  correspond 
almost  completely  to  the  observed  figures  and  the  diffe- 
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rences  are  quite  within  the  limits  of  errors  of  experi- 
ment. The  calculation  has  been  made,  under  the  suppo- 
sition that  the  fixed  amount  is  in  proportion  to  the 
fixing  amount  of  blood.  Tha  NaOH  being  1/20  normal 
and  the  NH3  being  1/27  n,  0,6  cc.  of  the  NaOH  so- 
lution is  equivalent  to  0,81  cc.  NH3  solution.  It  appears 
from  this  that  equivalent  amount  of  NaOH  and  NH3 
will  fix  the  same  amount  of  blood.  In  the  case  of  2,5  % 
of  10  cc.  blood  and  0,05  n  alkali,  the  fixed  quantity  is  con- 
tained in  0,075  cc.  of  the  alkaline  solution.  The  experiment 
seems  to  indicate  that  the  combination  of  a  base  with  the 
blood  corpuscles  is  of  a  rather  solid  character,  the  am- 
monia combination  not  being  apparently  more  hydro- 
lysed  than  the  sodium  combination  and  the  dilution  ha- 
ving no  sensible  influence  upon  the  hydrolysis.  Yet 
several  facts  which  will  come  to  light  later  indicate  that 
such  a  hydrolysis  exists,  only  not  necessarily  in  such  a 
degree  that  it  is  of  significance  in  this  case. 

In  the  above  calculation  it  was  taken  for  granted 
that  the  ammonia  which  was  fixed  to  the  blood  corpus- 
cles had  no  effect  on  their  haemolysis  but  was,  so  lo 
speak,  removed  from  the  reaction.  The  calculation  shows 
a  fairly  good  agreement  with  the  observed  results,  the 
values  under  d  being  nearly  constant.  Little  notice  must 
be  taken  of  the  weak  concentrations,  where  the  haemo- 
lysis is  below  2  %,  for  in  these  cases  it  cannot  be  de- 
termined with  exactitude. 

Also  the  tetanolysin  is  fixed  to  the  blood  corpuscles. 
This  combination  seems  to  be  of  a  less  solid  character 
as  we  did  not  succeed  in  finding  a  sharp  limit,  where 
the  haemolysis  ceased  as  in  the  case  of  NaOH  and  NH3. 
The  figures  for  tetanolysin  have  therefore  not  received 
corresponding  corrections. 

One  would  naturally  think  that  a  similar  correction 
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should  be  introduced  for  Ihe  diminishing  of  the  con- 
centration of  the  blood  by  the  addition  af  toxin.  One 
might  expect  that  the  decrease  of  concentration  would 
cause  a  diminishing  of  the  haemolysis.  Yet  this  does  not 
seem  to  be  the  case,  because  in  blood  dilution  of  about 
the  same  concentration  as  the  above  mentioned,  the  action 
is  nearly  independent  of  the  amount  of  blood.  Therefore 
no  correction  in  this  regard  has  been  introduced  above. 
This  appears  from  the  following  experiment,  in  which 
the  same  amount  of  ammonia  (0,6  cc.  0,05  n  NH3)  or 
tetanolysin  (0,6  cc.  0,2%,  8  days  old)  was  added  to  10 
cc.  blood  dilution,  of  which  the  concentration  varied 
from  0,1  %  to  10  %. 

Percentage  Haemolysis  Percentage              Haemolysis 

of  blood  NH3  Lysin  of  blood  NH;j           Lysin 

0,1  5*  5*  2  5(5                16 

0,2  9*  8*  3  56                13 

0,3  14,5*  12,5*  4  43                11 

0,5  21*  18  6  67 

0,8  31*  19  8  5                  5,5 

1,2  50*  18  10  4                  5,5 

In  the  beginning,  the  amount  of  haemolysis  is  pro- 
portionate to  the  added  quantities  of  blood.  This  hap- 
pens so  long  as  the  haemolysis  is  total.  In  this  case 
an  excess  of  toxin  is  present,  and  is  therefore  able  to 
dissolve  the  whole  quantity  of  blood  and  the  strength 
of  colour  is  therefore  in  proportion  to  the  added  amount 
of  blood  corpuscles.  This  occurs  in  the  case  of  ammo- 
nia up  to  1,2%  blood.  So  0,1%  of  blood  should  corre- 
spond to  No.  4  in  the  scale  of  colours,  0,2  %  to  8,  0,3  % 
to  12,  0,5%  to  20  and  0,8%  to  33.  This  takes  place 
with  ammonia,  allowing  for  errors  of  experiment.  In 
the  case  of  lysin,  the  proportionality  extends  only  to  the 
blood  concentration  0,3%,  and  is  nearly  right  at  0,5%, 
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so  it  is  probably  right  also  at  0,4%.  The  lysin  em- 
ployed is  thus  only  able  to  dissolve  a  third  part  ol"  the 
blood,  which  the  ammonia  solution  dissolves.  When 
the  blood  concentration  is  increased  beyond  the  limit 
tor  complete  haemolysis,  the  degree  of  colour  increases 
slightly,  but  almost  imperceptibly;  it  reaches  a  maxi- 
mum when  the  blood  concentration  is  about  twice  as 
much  as  the  greatest  amount  in  complete  haemolysis. 
Still,  the  increase  in  the  strength  of  colour  from  where 
haemolysis  begins  to  where  it  reaches  its  maximum,  is 
very  insignificant,  in  fact  only  15  %.  After  this  maximum 
is  reached,  the  colour  begin  to  slowly  decrease  in  strength, 
more  slowly  in  the  case  of  lysin  than  in  the  case  of  am- 
monia. The  determination  of  colour  becomes  more  diffi- 
cult in  the  case  of  higher  blood  concentrations  and  is 
therefore  rather  incertain,  for  red  blood  corpuscles  cling 
to  the  sides  of  the  test  tubes  and  prevent  an  exact 
examination. 

In  the  case  of  a  blood  dilution  of  10%,  f.  inst.,  no 
perceptible  haemolysis  takes  place  in  the  ammonia  so- 
lution, the  blood  having  the  property  of  fixing  0,6  cc. 
of  0,05  n  NH3.  This  combination  is  yet,  to  a  small 
extent,  counteracted  through  hydrolysis.  The  corpuscles 
clinging  to  the  sides  of  the  test  tube  give  a  false  appea- 
rance of  depth  to  the  colour.  The  same  applies  to  lysin, 
though  not  to  the  same  extent,  haemolysis  always  oc- 
curring, however  strong  the  blood  dilution  may  be; 
therefore  the  colour  does  not  sink  so  rapidly  in  this 
case  with  increasing  concentration  of  blood.  But  also 
in  this  case  blood  corpuscles  cling  to  the  test  tubes  and 
make  the  colour  appear  darker  than  it  really  is.  It  is 
therefore  desirable  in  these  experiments  not  to  use  too 
concentrated  blood  dilutions.  About  1  to  2%  are  likely 
to  furnish  the  best  results.  With  too  little  concentration 
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too  little  colour  is  obtained,  for  the  purpose  of  good 
measurements. 

The  fact  that,  in  the  case  of  tetanolysin,  a  maximum 
is  obtained  with  certain  blood  dilutions,  indicates  that 
Ihis  body  also  is  fixed  by  the  blood  corpuscles,  as  is 
shown  in  former  experiments')  This  combination  is 
however  probably  of  a  less  stable  character  than  that 
in  which  bases  are  combined  with  blood  corpuscles,  so 
that  in  all  cases  a  perceptible  amount  of  tetanolysin 
is  free,  which  may  have  a  luumolytic  action.  Yet  the 
difference  is  probably  only  of  a  quantitative  character. 

On  this  properly  depends  perhaps  also  another  circum- 
stance, which  distinguishes  the  haemolysis,  arising  from 
tetanolysin,  from  that  to  which  sodium  hydrate  or  ammo- 
nia gives  rise.  In  the  case  of  not  too  strong  haemolysis 
through  bases,  after  the  corpuscles  have  subsided,  two 
layers  are  observed  in  the  htumolysed  fluid.  They  differ 
very  much  in  depth  of  colour,  the  upper  one,  a  few 
millimeters  high,  being  2  to  3  times  lighter  than  the 
lower  one.  But  in  the  latter  too  the  colour  becomes 
deeper  towards  the  bottom.  It  would  seem  as  if  a  sen- 
sible time  elapsed  before  the  blood  corpusles  were  dis- 
solved by  the  bases.  This  might  be  owing  to  the  small 
amount  of  free  hydrolysed  alkali  in  the  fluid.  The  blood 
corpusles  gain  time  to  subside  to  a  certain  point,  be- 
fore they  are  hsemolysed,  and  for  this  reason  the  fluid 
below  this  point  is  stronger.  The  colour  of  the  upper 
lager  may  be  ascribed  chiefly  to  the  circumstance  that 
a  collection  of  red  blood  corpuscles  does  not  consist  of 
a  number  of  quite  uniform  elements.  A  series  of  these 
will  probably  show  a  very  different  resistance  against 


Th.  Madsen:  1.  c.  and:  Ueber  Heilvcrsuche  im  Reagensglas.    Zeitschrift  f.  Hygiene 
etc.  XXXII  1899. 
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haemolysing  toxin1).  The  less  resistent  blood  corpuscles 
will  be  dissolved  a  very  short  time  after  the  toxin  is  ad 
ed  and  before  they  have  subsided. 

In  order  to  examine  the  action  of  varying  amounts 
of  blood  and  toxin,  a  good  many  other  experiments  were 
made  of  which  some  are  tabulated  below.  In  the  first 
series  0,8,  0,6  and  0,4  cc.  of  1/40  n  NaOH  or  1,0 ,  0,7  and 
0,5  cc.  of  1/40  n  NH3  were  added  to  10  cc.  blood  dilu- 
tion with  a  percentage,  varying  from  0,05%  to  10%. 
The  experiments  with  0,3,  0,2,  0,15,  0,1  and  0,05  percent 
all  gave  total  haemolysis,  corresponding  to  the  degrees 
of  colour  10,  7,  5,  3,5  and  1,7.  They  are  therefore  not 
included  in  the  following  table,  which  comprises  the 
other  experiments.  It  should  be  noticed  that  the  degrees 
of  colour  are  very  nearly  in  proportion  to  the  amounts 
of  blood  in  the  cases  of  total  haemolysis  which  is,  as 
it  ought  to  be. 

Action  of  various  amounts  of  blood  on  the  same  amount  of 
NaOH  and  NH,. 


Percentage 

0,025  n  NaOH 

0,025  n  NH3 

of  blood 

dilution 

0.  8  cc. 

0.  6  cc. 

0.  4  cc. 

1.  0  cc. 

0.  7  cc. 

0.  5  cc. 

10 

4 

3,7 

2,5 

8 

8 

4 

7,5 

14 

5 

2,5 

22 

10 

7 

5 

33 

9 

1,5 

40 

22 

<S 

3 

47 

40? 

2? 

40 

30 

13 

1,6 

52* 

33 

18 

33 

33 

27 

1 

40* 

40* 

27 

30 

27 

22 

0,6 

18* 

18* 

18* 

18* 

17 

15 

0,4 

13* 

13* 

13* 

13* 

13* 

12 

l)  Th.  Madsen:  1.  c.  p.  218—19. 
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The  cases  where  tola!  haemolysis  occurs  are  signified 
by  an  asterisk.  To  see  what  would  happen  with  small 
amounts  of  blood,  when  total  haemolysis  did  not  occur, 
the  following  experiments  were  made,  in  which  the 
amount  of  alkali  was  varied  together  with  the  amount 
of  blood.  In  this  case  0,01  n  NaOH  and  0,01  n  NH3 
were  used. 

The  action  of  various  amounts  of  blood  upon  various  amounts 
of  NaOH  and  NH3. 


Percentage  of 
blood  dilution 

2 

1.5 

1.0 

0.7 

0.5 

0.3 

0.2 

0.15  cc. 

2.0 

80* 

37 

18 

_ 

_ 



1.2 

— 

50* 

35 

20 

— 

— 

— 

— 

0.8 

— 

— 

30* 

23 

11 

— 

— 

— 

0.5 

— 

— 

— 

19* 

12 

1 

— 

— 

0.3 

— 

— 

— 

— 

12* 

7 

0.5 

— 

0.2 

— 

.  — 

— 

— 

4 

0.25 

0.12 

0.1 

3.5  * 

1.5 

0.25 

2.0 

45 

27 

18 

_ 

_ 

_ 

_ 

_ 

1.2 

— 

27 

18 

10 

— 

— 

— 

— 

0.8 

— 

— 

20 

11 

4 

— 

— 

—  . 

0.5 

— 

— 

— 

12 

7 

1 

— 

— 

0.3 

— 

— 

— 

— 

7 

1.5 

0.5 

— 

0.2 

— 

— 

— 

— 

— 

2 

0.25 

0.25 

0.1 

— 

— 

— 

— 

— 

3 

0.5 

0.25 

p 
o 


p 

O 
33 


3 

33 


From  these  data  it  appears  that  a  greater  (equivalent) 
amount  of  ammonia  than  of  sodium  hydrate  is  re- 
quired, to  bring  about  complete  haemolysis.  It  also  ap- 
pears that  to  bring  about  complete  haemolysis  of  small 
quantities  of  blood  a  relatively  larger  amount  of  sodium 
is  required  than  for  larger  amounts.  0,1  %  blood  dilu- 
tion corresponds  namely  to  0,3  cc.  of  the  NaOH  solu- 
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tion,  while  to  complete  haemolysis  of  2  %  blood  only 
2  cc.  solution  are  necessary,  and  not  6  cc.  as  would  be 
necessary  in  the  case  of  proportionality.  Thus  the  hae- 
molysis behaves  almost  as  the  process  of  dissolving  of 
different  metalhvdrates  in  ammonia  or  caustic  soda.  In 

•j 

the  latter  case  a  part  of  the  hydrate  is  precipitated 
through  dilution  with  water,  which  indicates  that  in 
diluted  solution  a  relatively  greater  amount  of  base  is 
required  to  dissolve  a  certain  amount  of  hydrate.  In  the 
case  of  haemolysis  the  process  can  naturally  only  take 
one  direction,  an  already  dissolved  blood  corpuscle  not 
being  able  to  become  a  corpuscle  again  by  dilution  with 
water.  When  a  base  is  added,  in  a  quantity  proportio- 
nate to  the  number  of  blood  corpuscles,  the  haemolysis 
extends  only  to  a  certain  limit,  comprising  a  certain 
fraction  of  the  blood  corpuscles  present,  and  this  frac- 
tion increases  with  their  quantity,  the  quantity  of  water 
being  constant.  The  process  seems  in  many  respects 
analogous  to  precipitation  through  a  base  of  a  metal- 
salt,  for  insl.  aluminium  chloride.  At  the  commence- 
ment, for  the  formation  of  the  precipitate,  an  amount  of 
base  is  consumed,  which  is  in  proportion  to  the  amount 
of  salt,  and  later  on  the  precipitate  is  dissolved  through 
a  further  addition  of  base,  in  which  case,  as  above 
mentioned,  the  hydrolysis  has  the  effect  that  the  quan- 
tity of  base  necessary  for  solution  of  a  certain  quantity 
of  precipitate  increases  with  the  quantity  of  water 
present. 

In  the  last  tables  a  great  many  examples  are  found 
indicating  that  with  the  same  amount  of  alkali  a  maximum 
of  haemolysis  always  occurs  with  a  certain  amount  of 
blood.  In  the  case  of  sodium  hydrate  such  a  maximum 
is  very  near  the  amount  which  corresponds  to  total 
haemolysis  when  as  much  blood  as  possible  is  added. 
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In  the  case  of  ammonia,  the  difference  is  considerably 
greater.  The  table  on  page  18  indicates  still  greater  diffe- 
rences than  those  which  ought  to  occur  when  we  had 
not  used  so  great  intervals  in  the  variations  of  the  amount 
of  blood.  Taking  the  following  figures  into  conside- 
ration the  value  30,  observed  in  the  case  of  1  cc.  NH3, 
acting  upon  1%  blood  dilution,  ought  to  correspond 
very  nearly  to  complete  haemolysis,  according  to  the 
law  of  proportionality  between  the  degree  of  colour 
and  amount  of  blood,  in  the  case  of  complete  haemo- 
lysis. 

The  difference  between  the  maximum  40  and  the 
maximum  value  for  total  haemolysis  in  this  series,  30, 
is  about  30%.  There  is,  on  the  other  hand,  a  much 
greater  difference  between  the  maximum  value  for  0,5 
cc.  NH3,  27,  and  the  maximum  value  for  total  haemo- 
lysis in  the  same  series,  which  exceeds  10  and  mighl 
perhaps  reach  12.  The  maximum  is  also  much  flatter 
in  the  series  with  NH3  than  in  those  with  NaOH  as  is 
clearly  shown  in  fig.  2  (a  &  b)  which  in  a  graphic  man- 
ner reproduces  the  ciphers  from  the  table  on  page  18.  All 
these  phenomena  may  be  considered  as  consequences  of 
the  fact,  that  ammonia  is  a  weaker  base  than  sodium  hy- 
drate and  its  combinations  therefore  are  subjected  to 
a  higher  degree  of  hydrolysis.  It  depends  on  this  with- 
out doubt,  that  ammonia  which,  in  the  case  of  smaller 
blood  concentrations,  effects  less  haemolysis  than  sodium 
hydrate  does,  (supposing  that  the  haemolysis  is  incom- 
plete), in  the  case  of  higher  blood  concentrations  can 
have  a  stronger  hnemolytic  action  than  the  more  power- 
ful base.  This  seems  to  signify  that  also  the  first  com- 
bination of  base  with  the  blood  corpuscles  suffers  from 
a  perceptible,  though  very  small,  hydrolysis. 

It  appears  also  from  the  above  tables,  that  the regu- 
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larity  which  was  first  noticed,  of  the  hiemolysis  being 
nearly  proportionate  to  the  square  of  the  quantity  of 
toxin  is  only  correct  to  a  certain  extent;  that  is  to  say 
for  the  blood  dilutions,  varying  from  7,5  %  to  10,8  %. 
In  the  case  of  sodium  hydrate  this  regularity  is  only 
found  in  a  very  small  portion  of  the  series.  We  shall 
later  on  return  to  the  explanation  of  this  phenomenon. 

Experiments  were  also  undertaken  to  find  the  action 
of  bases  on  blood  corpuscles  diluted  with  a  solution 
of  cane  sugar. 

The  results  are  given  in  the  following  table,  in  which 
a  in  cc.  signifies  the  added  amount  of  the  base  which 
heads  the  table.  The  ciphers  in  parenthesis  belong  to 
an  older  series  of  experiments  with  blood  from  another 
bleeding. 


a 
cc.  added 

i  MI  ii.  KOH 

l/so  n.  NaOH 

i,so  n.  LiOH 

l/son  Ca(OH<^ 

i'«.n  Ha(OH)3 

a 

0.5 

24      (30) 

20   (30) 

15  (30) 

5  (5) 

5      (5) 

0.4 

9      (17) 

8  (17) 

7  (15) 

3  (5) 

4      (5) 

0.3 

5      (3) 

6  (5) 

6  (7) 

2  (5) 

3      (4) 

0.26 

3.5  (3.5) 

3  (3) 

3  (4) 

2  (5) 

2.5  (4) 

0.2 

2      (2) 

2  (2) 

3  (1.5) 

2  (4) 

1.2  (3) 

Allowing  for  errors  of  experiments,  equivalent 
amounts  of  the  three  alkalies  give  similar  values.  Hut 
the  action  of  the  hydrates  of  the  alkaline  earths  is  much 
smaller  (excepted  perhaps  the  case  of  very  diluted  solu- 
tions). This  seems  to  rise  from  the  fact,  that  on  the 
test  tubes  with  calcium  and  baryum  a  precipitate  is 
formed,  which  seems  to  consist  of  faint  red  crystal 
needles.  The  product  of  haemolysis  seems  in  this 
case  not  to  be  so  easily  dissolved  as  that  of  alka- 
lies. The  hnemolysis  is  therefore  nearly  constant,  and 
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would  probably  be  yet  more  so,  if  it  were  not  for  the 
presence  of  the  red  needles  which  partially  clinging  to 
the  wall  of  the  test  tube  give  the  fluid  a  fictitious  depth 
of  colour. 

In  the  older  series  the  measurements  were  made  by 
comparison  with  the  upper  part  of  the  haemolysed  fluid, 
and  therefore  the  numbers  within  the  parenthesis  are 
nearly  constant. 

As  the  above  data  show  it  is  characteristic  of  the 
strong  monovalent  alkalies  that  their  htemolysis  increases 
very  quickly  with  the  amount  of  alkali,  and  this  in- 
crease is  at  a  greater  rate  than  it  should  be,  if  it  were 
proportionate  to  the  square  of  it.  This  phenomenenon 
depends  without  doubt  on  the  comparatively  small 
hydrolysis  of  their  combinations  with  the  blood  cor- 
puscles. 

We  have  still  to  give  a  more  detailed  report  con- 
cerning the  action  of  various  amounts  of  blood  on  the 
same  amount  of  toxin.  The  results  of  these  experiments 
are  shown  in  the  following  table,  in  which  the  quan- 
tity of  toxin  varies  from  1,6  cc.  to  0,05  cc.  of  a  0,1% 
solution.  The  arrangement  of  the  table  is  the  same  as 
in  the  previous  one.  The  experiments  are  made  on 
blood  corpuscles,  diluted  in  salt  solution  at  37°  C  for 
1  hour. 

The  maximum  value,  which  in  this  case  is  very  little 
pronounced  viz.  flatter  than  in  the  experiments  with  am- 
monia -  occurs  in  general  with  a  smaller  amount  of 
blood  than  for  the  alkalies.  In  the  case  of  the  solutions 
which  contained  the  most  toxin  (1,0  and  0,6  cc.),  the 
maximum  is  found  with  about  6,5%  blood  dilution; 
with  smaller  amounts  of  toxin,  (0,4  cc.  to  0,25  cc.),  it  is 
found  with  about  0,2  %  blood  dilution  and  for  the 
weakest  solutions  of  toxin  (0,08  cc.)  first  with  0,1  %. 
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Amount  of 
blood 

us 

1.0 

O.(i 

0.4 

0.25 

0.15 

0.08 

0.05 

10  per  cent 

8 

4.5 

» 

4 

2V 

J> 

5               r, 

11 

4.5 

2.5 

2.2 

1.5 

1.3 

„ 

» 

2 

11 

(5 

4.5 

3 

._ 

„             ~ 

„ 

') 

1 

14 

7 

5 

4 

1.5 

1 

i) 

M 

0.5      „ 

•>i 

12 

4 

2.2 

0.7 

0.4 

„ 

0.2 

0.3      „ 

» 

7 

4.5 

2.5 

1.7 

0.7 

0.4 

0.2 

0.2      „ 

„ 

6* 

4 

3.2 

2.2 

1 

0.4 

» 

0.15    „ 

)) 

4.5* 

3.5 

3 

2.2 

1.5 

0.5 

0.2 

0.10    „ 

n 

3* 

3* 

2.5 

2.2 

1 

0.6 

H 

0.05    „ 

" 

1.5* 

1.5* 

1.5* 

1.2 

1 

0.5 

0.2 

The  combination  between  toxin  and  blood  corpuscles 
must  therefore  be  regarded  as  still  weaker  than  between 
ammonia  and  blood  corpuscles.  The  most  obvious  stand- 
point from  which  to  consider  these  facts  is  the  follo- 
wing. For  the  combination  of  toxin  or  lysin  with  the 
corpuscles  a  certain  amount  of  time  is  required.  This 
is  comparatively  small  in  the  case  of  sodium  hydrate. 
It  then  a  quantity  of  blood,  too  large  to  allow  complete 
luemolysis,  is  added,  the  sodium  hydrate  is  fixed  to  the 
blood  with  comparative  quickness  and  only  the  surplus 
is  free  to  hiemolvse  the  combination  blood-alkali.  The 

•j 

haemolysis  therefore  reaches  the  maximum  of  colour  at 
about  the  point  where  complete  haemolysis  occurs.  First 
in  diluted  solutions,  where  the  reaction  is  slower  and 
the  hydrolysis  stronger,  the  sodium  hydrate  gains  time 
to  hiemolyse  some  of  the  alkali-bound  corpuscles,  before 
it  is  fixed  to  other  blood  corpuscles. 

The  maximum  occurs  therefore  with  a  larger  amount 
of  blood  than  that  which  corresponds  to  complete  haemo- 
lysis. This  is  yet  more  the  case  with  ammonia;  this 
has  a  considerably  smallervelocity  of  reaction  than  sodium 
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hydrate  has.  And  the  tetanolysin  which  combines  with 
the  corpuscles  at  a  still  slower  rate,  has  a  straighter 
curve  than  ammonia.  With  lysin  there  is  therefore  no 
sharply  defined  point  at  which  a  strong  hiemolytic  ac- 
tion suddenly  takes  place. 

As  in  the  case  of  sodium  hydrate,  the  amount  of 
lysin,  required  for  complete  hiemolysis,  increased  slower 
than  it  would  have  done  if  the  increase  had  been  pro- 
portionate to  the  increase  of  blood.  While  for  complete 
haemolysis  of  0,5  %  blood  0,4  cc.  solution  of  lysin  is 
required,  for  0.2%  blood  only  1  cc.  (instead  of  1,6  cc.) 
was  needed  and  for  2,5  %  blood  only  8  cc.  (according 
to  another  series  of  experiments).  The  quantity  of  toxin 
required  for  complete  htumolysis  increases,  roughly 
speaking,  in  proportion  to  the  square  root  of  the  amounts 
of  blood. 

The  velocity  of  reaction  of  haemolysis. 

To  penetrate  a  little  further  into  the  many  curious 
phenomena  connected  with  the  process  of  huemolysing,  a 
series  of  experiments  was  undertaken,  dealing  with  the 
velocity  of  reaction  or,  more  correctly  speaking,  with 
the  time,  in  which  Inemolysis  proceeds  to  a  certain  de- 
gree. For  this  object  we  used  two  different  methods. 
According  to  the  first  one,  the  lysin  should  during  a 
fixed  time,  and  at  a  fixed  temperature,  act  upon  a  blood 
dilution  2,5%.  Afterwards  it  should  be  cooled  down, 
centrifugalised  and  the  strength  of  the  htemolysis  deter- 
mined through  the  colour  of  the  fluid.  In  this  case  much 
stronger  solutions  of  toxin  can  be  applied  than  in  the 
usual  case.  We  will  explain  the  second  method  later  on. 

In  this  case  the  surplus  of  toxin  is  so  great,  that  it 
may  be  considered  as  practically  constant  throughout 
the  whole  process.  As  slated  above,  10  cc.  of  2,5% 
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blood  can  fix  0,04  cc.  of  a  0,1  n  NH3  or  NaOH  solution. 
The  amounts  used  in  these  experiments  will,  as  is  shown 
below,  be  much  greater,  so  that  without  great  errors, 
the  active  amounts  of  base  may  be  considered  constant. 
In  all  cases  in  the  calculation,  the  said  amount  has  been 
substracted  from  the  amount  added. 

But  on  the  other  hand  that  quantity  of  blood  which 
has  not  been  hiemolysed,  decreases  during  the  reaction. 
It  is  natural  to  suppose  that  the  amount  transformed 
per  unit  of  time,  is  proportionate  to  the  amount  of 
blood  corpuscles  present.  If  therefore  the  number  of 
these  arbitrarily  be  fixed  at  100  to  begin  with,  and  at  a 
given  lime  at  100  —  x,  the  following  differential  equation 
results: 

^T  =  K  (100  -x) 

or  integrated,  where  I  signifies  time 

100—  Xn 


All  the  calculations  of  velocities  of  reaction,  deter- 
mined by  means  of  the  first  methods  have  been  made 
according  to  this  equation.  In  these  calculations  the  ordi- 
nary logarithms  have  been  used,  so  that  K  is  2,3025  times 
greater  than  Kj.  As  an  example  some  determinations 
of  the  velocity  of  the  reaction  of  ammonia  at  37°  C  may 
be  ([noted. 

I 
A.  ().7o  cc.  l/3o  n  NH:i 


B.  0.5  cc.  Vi 


t 

13 

27 

51 

82  min. 

100—  x 
K, 

97 
0,0010 

89 

0,0019 

02 
0,0047 

25  perc. 
0,0073 

t 

6 

14 

2J5 

31  min. 

100—  x 
K, 

97 
0,0022 

82 
0,0002 

00 
0,0090 

35  perc. 
0,0147 

27  — 
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9  15  19  min. 


C.  1  cc.  l/io  ii  NHa         \   100 -x    91.5          80  57  44  perc. 


\  100— x 
I   Kt  0, 


,0077   0,0107   0,016:5   0,0187 

(    i   2.25     6.2     8.2  min. 

D.  2  cc.  Vto  n  NH3         -    100— x    88  70  59    perc. 

[       K!      0,026        0,025         0,028 

It  appears  from  these  examples  that  K,  usually  in- 
creases very  rapidly  during  the  process.  Only  in  the 
last  case  Kj  is  nearly  constant  and  this  is  probably  owing 
to  errors  of  experiment.  It  is  easy  to  imagine,  that  this 
increase  of  the  velocity  of  reaction,  as  time  goes  on, 
depends  on  the  circumstance,  that  the  red  blood  corp- 
uscles' cellular  membrane  must  be  destroyed  before 
haemolysis  can  occur.  In  the  beginning  no  haemolysis 
at  all  takes  place.  Little  by  little  the  most  accessible 
alkali  or  lysin-bound  corpuscles  are  haeroolysed,  and  later 
on  the  most  resistent,  whose  membranes  will  be  destroyed 
only  after  a  prolonged  action  of  the  toxin.  In  chemistry 
several  similar  phenomena  occur,  especially  when  solu- 
tions act  upon  solid  bodies;  and  it  is  then  said,  that  a 
certain  time  of  induction  is  necessary,  before  the  attack 
occurs.  Physicists  often  find  it  difficult  to  understand 
what  this  lime  of  induction  means.  In  the  present  case 
it  is  easily  explained  why  there  should  be  a  time  of 
induction,  this  being  here  equivalent  to  the  time  requi- 
red for  the  destruction  of  the  cellular  membrane. 

In  order  to  clear  up  the  connection  between  the  con- 
centration of  toxin  and  the  velocity  of  reaction,  we  must 
therefore  proceed  so  that  we  ascertain  if  a  certain  dose 
of  toxin  produces  the  same  degree  of  haemolysis  during 
a  certain  time  as  half  that  dose  of  toxin  e  flee  Is  in  double 
that  lime.  From  the  above  figures  this  would  seem  to 


—  28  — 


Ill 

be,  roughly  speaking,  the  case.  A  correction  must  be 
introduced  here,  just  as  above,  (p.  12)  for  the  change  of 
volume  through  the  addition  of  toxin.  In  this  case,  af- 
ter we  have  supposed  that  the  reaction  proceeds  in  pro- 
portion to  the  quantity  of  blood  also,  the  correction 
should  be  applied  as  well  to  the  calculation  of  the  con- 
centration of  the  blood  as  to  that  of  the  lysin.  If  the 
concentration  and  the  velocity  of  reaction  are  proportio- 
nate to  one  another,  in  the  present  case  the  times,  in  which 
the  same  degree  of  haemolysis  is  obtained,  should  not  be 
in  inverse  proportion  as  in  1:2,  4:8  but  as  (1 :  1.0752)  : 
(2  : 1.05») :  (4  : 1.10") :  (8  : 1.20*)  =  0.865  :  1.814  :  3.345  :  5.554 
=  6.4:  3.06:  1.66:  1 

Through  the  correction  for  the  quantity  of  fixed  am- 
monia, these  ciphers  will  be  changed  to  7.64  :  3.33  :  1.73 
:  1.02  --1:  0.44:  0.23  :  0.133. 

Through  simple  interpolation  from  the  above  ciphers 
it  is  found  that  the  following  degrees  of  haemolysis  re- 
quire the  times  mentioned  below  to  become  hiemolysed: 

X 

A 
B 

C 
D 

In  parenthesis  ciphers  are  quoted,  which  are  calcu- 
lated under  the  following  suppositions:  proportionality 
between  haemolysis  and  the  amounts  of  ammonia  --  and 
that  the  observations  in  the  first  series  (A)  are  right. 
The  concordance  between  the  calculated  and  observed 
values  is  very  good,  allowing  for  the  great  errors  of 
experiment.  The  greatest  deviations  are  found  between 
the  first  figures  in  the  D  series.  It  ought  not  to  sur- 
prise us  that  rather  important  errors  in  the  determina- 


3 

10 

20 

30 

40  percent 

13 

2(5 

35 

44 

53 

6  (5.7) 

10  (11.5) 

15  (15.4) 

18  (19.4) 

23  (23.3) 

I) 

5.5  (6.0) 

9  (8.0) 

12  (10.1) 

14  (12.2) 

n 

1.8  (3.5) 

4  (4.7) 

6.2  (5.9) 

8  (7.1) 
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tion  of  the  limes  can  creep  in,  owing  to  the  time  taken 
by  the  cooling  process. 

In  the  case  of  sodium  hydrate  and  x=6  the  follo- 
wing times  20,5  ,  9,8  and  4,2  minutes  are  found  for  the 
addition  of  0,15  ,  0,3  and  0.6  cc.  of  0,5  n  NaOH  al  37° 
C.  The  calculated  figures  are  (20,5),  10,2  and  5,3.  The 
concordance  is  satisfactory. 

What  is  said  for  ammonia  will  also  apply  to  lysin.  The 
rate  of  reaction  increases  with  the  amount  transformed. 

In  the  table  below,  the  results  of  some  experiments 
at  20°  C  are  quoted.  The  signs  are  the  same  as  those 
used  above  in  the  ammonia  table. 

x  =  7          13  20  30 

A 10  cc.  blood -(- 0.3  cc.  0.2  "/„  lysin    11         17  25 

B         do.         +  0.6  „  „  5(6.8)    7.5(9.0)  10.2(13.2)  15.5 

C         do.         +1.0  „  „  „  4(5.8)       5.9(8.5)      9.2(10.0) 

Supposing  that  no  lysin  is  fixed  by  the  corpuscles, 
(a  supposition  which  is  certainly  not  true)  the  limes 
ought  to  be  in  proportions  of  1  :  0.53  :  0.442.  As  appears 
from  the  values  in  parentheses  (which  are  calculated 
in  this  way)  the  reaction  proceeds  quicker  at  the  higher 
concenlralions  lhan  il  would  if  regulated  by  proportio- 
nality. The  deviations  are  yet  not  so  great,  as  not  to  allow 
some  doubt  about  the  validity  of  the  law  of  proportio- 
nality in  this  case.  We  should  be  more  correct  in  sup- 
posing that  a  part  of  the  lysin  is  fixed  by  the  blood 
corpuscles.  Bui  still  also  in  the  case  of  ammonia  and 
sodium,  grealer  amounts  acl  somewhat  quicker  than  is 
required  by  the  law  of  proportionality.  This  deviation 
probably  depends  on  the  method  of  experimentation. 

As  well  this  circumstance  as  the  chemical  fixing  are 
effective  in  the  case  of  lysin,  therefore  the  deviation  in 
this  case  is  greater  than  with  the  alkalies. 
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We  can  now  get  an  idea  of  the  causes  of  the  above 
mentioned  rule,  thai  the  amount  of  blood  huemolysed 
is  proportionate  to  the  square  of  the  amount  of  toxin 
(within  certain  limits).  One  might  perhaps  at  first  ex- 
pect thas  this  would  indicate  that  the  velocity  of  reaction 
should  be  proportionate  to  the  second  power  oftheamount 
of  toxin,  while  we  have  just  found  that  it  was  proportio- 
nate to  the  first  power. 

Let  us  take  for  example  the  series  C  in  the  case  of 
ammonia.  From  this  it  appears  that  a  proportionality  be- 
tween the  velocity  of  reaction  Kx  and  the  square  root 
of  the  amount  transformed,  x,  takes  place. 

The  following  are  the  values: 

t  --=        5  9  15  19  min. 

x  =  8.5  20  43  5(5  °/o 

K!=  0.0077  0.0107      0.01(53      0.0187 

10a  KI  :  Vx  -  2.64  2.40          2.49          2.50 

Sodium  hydrate  (0,3  cc.  of  0,05  n  solution  to  10  cc. 
blood  dilution)  gives  at  37°  C  the  following  values  which, 
if  they  do  not  follow  the  said  rule  as  closely  as  those 
in  the  table  given  above,  still  follow  it,  if  we  allow  for 
rather  great  errors  of  experiment. 


t  = 

17 

22 

27  min. 

X  = 

7 

18 

35% 

K,  = 

0.00185 

0.00392 

0.00(593 

S/x  = 

0.70 

0.92 

1,17 

In  the  case  of  tetanolysin  (0,6  cc.  0,2%  lysin)  at  20° 
C  the  following  values  are  observed  and  calculated: 


t  = 

5 

9 

11.5 

15  min. 

x  = 

7 

17 

24 

30% 

K,  • 

0.00(53 

0.00899 

0.01036 

0.1034 

1  \    = 

2.38 

2.18 

2.12 

1.89 

103  K! 
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All  these  series  agree  with  the  above  rule,  allowing 
for  errors  of  experiment.  (To  avoid  mistake  we  mention 
here,  that  a  great  many  series,  which  will  be  dealt  with 
below,  deviate  from  this  rule). 

Is  it  not  by  accident  that  the  constant  Kj  in  the  so- 
dium series  increases  quicker  than  in  proportion  to  i/x, 
while  ammonia  follows  closely  this  rule,  and  lysin  shows 
a  deviation  in  the  inverse  direction  as  NaOH  (see  p  15). 

If  the  rate  of  reaction  at  each  moment  were  propor- 
tionate to  the  square  root  of  the  amount  transformed, 
then  in  the  case  of  small  values  of  x,  when  100 — x  could 
approximately  be  considered  as  constant,  the  velocity 
of  reaction  would  be  expressed  by  the  equation. 

dx 


in  which  a  stands  for  the  quantity  of  toxin;  from  this 
follows 

V/x  =  2  Kat 

the  amount  transformed  should  then  be  proportionate 
to  both  the  square  of  the  time  of  reaction  and  to  the 
square  of  the  amount  of  active  toxin.  Both  these  rela- 
tions are  only  approximately  right,  especially  the  first. 
This  gives  for  the  three  last  mentioned  velocities  of 
reaction  the  following  values  for  t:  yx. 

mean 

ammonia         1.7         2.0         2.2         2.5         2.1 
sodium  6.4        6.4        5.2        4.7        5.7 

lysin  1.9         2.2         2.4         2.7         2.3 

In  all  three  cases  variations  from  the  mean  of  about 
20  percent  occur.  At  all  events  these  rules  may  have  a 
certain  value  for  the  purpose  of  interpolation. 

This  furnishes  a  good  example  of  a  velocity  of  reaction 
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which  examined  during  a  certain  time,  (1  hour),  seemed 
lo  he  proportionate  to  the  square  of  the  active  amount 
of  toxin,  hut  which  is  in  reality  proportionate  to  the 
first  power  of  it.  We  thought  this  case  of  sufficient  in- 
terest to  justify  the  thorough  analysis  given  above. 

The  influence  of  temperature  on  the  velocity  of  reaction 
is  an  interesting  question.  In  ordinary  chemical  proces- 
ses, the  velocity  of  reaction  increases  for  each  10°  C.  with 
values  lying  between  the  proportions  1.93  : 1  (in  the  case 
of  saponification  of  ethylacetate  by  strong  bases)  and 
4.2 : 1  (in  the  case  of  inversion  of  cane  sugar). 

In  these  experiments  it  was  absolutely  necessary  to 
see  that  the  same  sample  of  blood  was  used  for  the 
higher  and  lower  temperatures  (2,5%  blood  was  used). 
The  following  data  show  the  increase  of  the  rate  of 
reaction. 


Haemolysing 
substance. 

Intervals  of 
temperature. 

Increase. 

Increase 
for  10°  C. 

0.5  cc.  Vto  n  NHs 
0,5    „     V2     n  NaOH 
0.2    „    0.2  °/0  lysin 

3,5  °  —  37  °  =  33,5  ° 
22,4°  —  37°  =14.6° 
20°  —37°=  17 

29.8  :  1 
4.4:1 
6.G  :  1 

2.7(5  :  1 
2.7(5  :  1 
3.04  :  1 

The  figures  show  that  the  increase  is  the  same  for 
ammonia  and  sodium  hydrate,  just  as  one  would  expect. 
For  tetanolysin  it  is  a  little  greater.  All  three  values 
lie  within  the  limits  of  the  values  for  other  chemical 
reactions  with  which  the  haemolysis  ist  herefore  related 
also  in  this  respect. 

Another  matter  of  interest  is  the  relative  velocity  of  reac- 
tion of  sodium  hydrate  and  ammonia.  If  it  had  been  the  hy- 
droxylions  which  affected  the  blood  corpuscles,  one 
would  have  expected  that  a  certain  amount  of  sodium 
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hydrate  would  have  acted  much  more  quickly  (in  the 
dilutions  used  about  ten  times)  than  an  equivalent 
amount  of  ammonia.  Now  this  is  so  far  from  being 
the  case  that,  on  the  contrary,  ammonia  acts  more  than 
twice  (2,24)  as  quickly,  three  different  experiments  sho- 
wing the  proportions  1,93,  2,00  and  2,78  in  the  case  of 
0,01  n  solution.  In  this  concentration  sodium  hydrate 
contains  about  20  times  as  many  hydroxylions  as  the 
equivalent  amount  of  ammonia.  This  shows  clearly 
that  in  this  case  it  is  not  the  hydroxylions  which  are 
active.  To  the  same  conclusion  we  are  also  led  by  the 
fact  that  the  action  of  ammonia  is  in  proportion  to  its 
concentration  and  not  to  its  square  root,  the  same  oc- 
curring with  sodium  hydrate.  Probably,  in  this  case, 
dissociated,  as  well  as  undissociated  molecules,  contribute 
to  the  haemolysis. 

Most  experiments  in  haemolysis  have  been  made  by 
subjecting  the  tubes  to  a  temperature  of  37°  C.  for  1 
hour  and  afterwards  leaving  them  to  cool  in  an  ice 
safe  for  about  20  hours.  We  have  therefore  found  it  well 
to  study  the  influence  of  time  on  experiments  orranged 
as  above.  As  appears  from  the  above  example,  the 
velocity  of  reaction  in  the  ice  safe  (temperature  6° — 7°  C.) 
is  about  Y20  of  what  it  is  at  37°  C.  But  during  a  few 
hours  the  blood  corpuscles  subside  and  by  that  means 
avoid  further  haemolysis. 

In  the  following  experiments  the  test  tubes  we're 
therefore  allowed  to  stand  a  certain  time  in  the  incu- 
bator, at  37°  C.  and  were  then  put  into  a  freezing  mix- 
ture, in  which  they  quickly  cooled  down  to  about  0°; 
afterwards  they  were  put  in  an  ice  safe  for  about  20 
hours.  The  headings,  given  below,  indicate  the  time 
during  which  the  test  tubes  were  subjected  to  37°  C. 
Total  haemolysis  corresponds  in  this  case  to  GO. 
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Amount. 

0  min. 

5  min. 

10  min. 

20  min. 

40  min. 

100  min. 

200  min. 

V2U  "•  sodium  hydrate. 


1.0  cc. 

66 

60* 

60* 

60* 

n 

rt 

0.7  „ 

55 

60* 

60* 

60* 

n 

« 

« 

0.5  „ 

47 

56 

60* 

60* 

60* 

n 

„ 

0.4  „ 

33 

53 

53 

50 

60* 

60* 

60* 

0.3  „ 

22 

33 

40 

40 

40 

47 

60* 

0.25  „ 

„ 

., 

„ 

n 

27 

37 

30 

0.2  „ 

7 

12 

12 

11 

18 

20 

25 

0.15  „ 

„ 

n 

„ 

„ 

5 

7 

11 

0.1  „ 

•• 

H 

D 

n 

n 

1.5 

2 

Y20  n.  ammonia. 


1.0  cc. 

47 

53 

60* 

60* 

11 

n 

0.7  „ 

33 

47 

60* 

60* 

« 

„ 

11 

0.5  „ 

27 

40 

53 

47 

60* 

60* 

» 

0.4  „ 

22 

40 

47 

40 

53 

49 

60* 

0.3  „ 

17 

33 

30 

30 

48 

40 

40 

0.25  „ 

H 

„ 

H 

n 

30 

30 

28 

0.2  „ 

4 

10 

12 

11 

18 

14 

19 

0.15  „ 

11 

n 

n 

« 

7 

6 

6 

0.1  „ 

• 

" 

H 

r> 

" 

1.5 

2.5 

0.5  °/0  tetanolysin. 


1.0  cc, 

15 

24 

30 

11 

0.7  „ 

11 

16 

18 

11 

„ 

„ 

„ 

0.5  „ 

0 

9 

9 

11 

„ 

„ 

« 

0.4  „ 

„ 

6 

8 

9 

11 

„ 

n 

0.3  „ 

2 

6 

6 

7 

9 

_ 

m 

0.25  „ 

„ 

„ 

., 

M 

9 

27 

31 

0.2  „ 

n 

3 

7 

5 

8 

19 

24 

0.15  „ 

n 

_ 

„ 

6 

10 

15 

18 

0.1  „ 

„ 

„ 

„ 

4 

11 

7 

11 

().(),-,  „ 

n 

« 

• 

n 

n 

5 

8 
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In  these  lables  we  do  not  find  the  rapid  increase  of 
haemolysis  in  proportion  to  the  time  taken,  as  in  the 
preceding  experiments.  This  depends  of  course  on  the 
long  time  passed  at  the  lower  temperature,  after  the 
time  spent  at  high  temperature.  These  experiments, 
therefore,  do  not  give  such  a  clear  idea  of  the  process 
of  htemolysing  as  the  last.  But  they  are  rather  useful 
for  the  right  conception  of  the  results  of  the  usual 
method  of  experimentation.  The  length  of  time  devoted 
to  heating  the  tubes  has  a  much  greater  influence  on 
the  action  of  tetanolysin  than  on  that  of  bases.  And 
between  these  the  length  of  time  has  more  influence 
on  ammonia  than  on  sodium  hydrate.  This  seems  to 
indicate  that  it  is  the  hydrolysed  part  of  the  combina- 
tion of  the  three  lysins  with  the  blood  corpuscles,  the 
action  of  which  increases  with  the  rise  of  the  tempera- 
ture. Probably  its  hydrolysis  increases  with  increasing 
temperature  and  this,  in  the  highest  degree,  is  the  case 
with  the  combination  most  easily  hydrolysed  --  that  of 
tetanolysin,  and  in  the  smallest  degree  in  the  case  of 
the  most  stable  combination  -  -  that  of  sodium.  The 
greatest  relative  action  of  the  temperature  is  found  in 
the  case  of  slight  concentrations  of  tetanolysin. 

Action  of  foreign  bodies. 

Foreign  bodies  usually  have  an  effect  upon  haemoly- 
sis; in  most  cases  the  effect  is  weak.  In  some  cases, 
on  the  other  hand,  it  is  exceedingly  strong  as,  for  in- 
stance, in  the  case  of  normal  serum  acting  upon  lela- 
nolysin  and  in  the  case  of  salts  of  ammonia  acting 
upon  ammonia.  This  action  being  partly  of  a  great 
practical  significance  and  on  the  whole  very  important 
for  the  understanding  of  haemolysis,  we  have  tried  to 
find  such  cases,  even  when  they  were  not  very  obvious. 
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It  is  to  be  noticed,  that  the  addition  of  salts  increases 
the  sedimentation  of  the  blood  corpuscles:  this  appa- 
rently lessens  the  ha?molytic  action.  For  this  reason, 
also  on  this  point,  several  control  experiments  have 
been  made  through  determination  of  the  velocity  of 
reaction;  these  have  on  the  most  important  points  con- 
firmed the  results  which  have  been  obtained  in  the 
usual  way  (see  below). 

To  begin  with,  we  will  investigate  the  action  of  salts 
upon  bases.  In  these  experiments  the  blood  must  be 
free  from  salts:  it  was  therefore  emulsionated  in  a  so- 
sution  of  cane  sugar.  It  was  obvious  from  the  first  ex- 
periments, that  blood  is  huemolysed  much  more  strongly 
by  bases  in  sugar  solution  than  in  salt  solution.  And 
certainly  salts  decrease  the  action  of  bases,  as  will  be 
seen  from  the  following  experiment.  The  solutions  of 
bases,  which  were  added,  were  all  Vso  n  m  respect  to 


Amount  added 

Na,  O 

Na,  2C 

Na,  IOC 

Na,  50C 

Na,  10S 

Na,  SOS 

1.5    CC. 

100* 

100* 

90 

100* 

75 

1.0 

100* 

90 

27 

90 

(50 

0.8 

90 

JJ 

79 

IS 

79 

8 

0.5 

79 

33 

12 

3 

12 

3 

0.4 

71 

30 

8 

2 

4 

w 

0.3 

12 

(> 

3 

1 

„ 

IT 

0.25 

fi 

3 

2 

1 

H 

„ 

0.2 

3 

2 

1 

1 

n 

» 

base,  but  contained  various  amounts  of  salt.  The  first 
column  in  each  series  indicates  as  usual  the  amount 
of  solution,  added  to  10  cc.  blood  dilution.  The  second 
column  indicates  the  degree  of  haemolysis. 

The   headings  indicate:    Na.O,  that   pure    l/aci  normal 


i-iO 
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sodium  hydrate  was  added;  Na,f>0  C,  that  the  base 
added  was  ]/80  n  in  respect  to  sodium  hydrate,  but 
besides  was  0,5  n  in  respect  to  NaCl.  10,  C  and  2,  C 
indicate  0,1  and  0,2  normal  chlorid.  50,  S  and  10,  S 
0,5  and  0,1  normal  Na2  So4. 

In  the  following  tables  the  headings  have  the  same 
signification;  and  for  reasons  easily  understood,  to  each 
base  only  salts  of  the  corresponding  metal  were  added. 


Amount 
added. 

K,o 

K,2C 

K,10C 

K,  40C 

Li,  O 

Li,  10S 

Li,  50  S 

1.5 

100* 

« 

100* 

90 

100* 

90 

1.0 

100* 

„ 

90 

49 

» 

90 

49 

0.8 

90 

W 

(50 

18 

W 

90 

n 

0.5 

77 

60 

18 

4 

85 

20 

11 

0.4 

70 

28 

7 

2 

63 

7 

n 

0.3 

10 

6 

(i 

1 

17 

(5 

n 

0.25 

(5 

3 

3 

1 

8 

n 

« 

0.2 

3 

1 

2 

1 

3 

H 

" 

The  three  bases,  potassium,  sodium  and  lithium 
may,  when  equivalent  amounts  are  taken,  be  considered 
quite  similar  as  regards  action,  allowing  for  errors  ol 
experiment;  and  likewise  all  the  salts  used  in  the  ex- 
periments have  the  same  power  in  lessening  the  ha?mo- 
lysis  when  added  in  equivalent  amounts.  This  depends 
most  probably  on  the  fact  that  these  bases  on  the 
one  hand  and  their  salts  with  the  same  acids  on  the 
other,  are  dissociated  to  very  nearly  the  same  extent. 
The  action  of  the  salts  is  still  perceptible,  although 
rather  slight  in  such  small  doses  as  0,02  n  which  when 
diluted  by  50  times  as  much  blood  mixture,  corresponds 
to  a  0,0004  normal  salt  solution  -  -  when  most  diluted. 
In  all  cases,  even  in  the  most  diluted  salt  solutions, 
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1.6  times  as  much  salt  as  base  is  present,  according  to 
equivalents.  A  solution  of  0,0008  n  salt  (addition  of  0,04 
cc.  of  0.02  n  salt  solution)  seems  to  diminish  the  action 
of  alkali  to  the  extent  of  about  20  percent,  (viz.  the 
action  of  alkali  is  decreased  to  80%  of  its  former 
strength).  0,004  n  salt  (0,04  cc.  of  0,1  n  sol.)  decreases 
the  action  by  about  40%  and  0,02  n  (0,4  cc.  of  0,5  n 
salt  solution  by  about  60  %  —  all  of  0,0003  n  base. 

The  action  of  salt  increases  not  by  any  means  pro- 
portionally to  the  amount  added,  but  much  less  rapidly, 
corresponding  to  about  the  cube  root  of  it.  The  action 
is  very  similar  to  the  decrease  of  the  degree  of  disso- 
ciation of  salts,  which  takes  place  with  the  further 
addition  of  salts  that  is  by  increased  concentration;  but 
it  is  much  greater.  It  is  about  what  we  should  expect, 
according  to  the  rule  of  Ostwald,  would  be  the  case 
for  the  degree  of  dissociation  of  the  salts  of  very  poly- 
valent acids. 


Amount 
cc 

NHs,  O 

NHs,4S 

NHs,  10S 

NHs,  SOS 

NHs,  IOC 

NHs,  50C 

2.0 

V 

79 

6 

49 

7 

1.5 

» 

70 

3 

49 

6 

1.0 

100* 

41 

2 

41 

2 

0.8 

90 

)) 

27 

1 

37 

2 

0.6 

„ 

» 

9 

„ 

27 

1 

0.5 

79 

60 

6 

n 

3 

0.4 

52 

24 

5 

1 

0.3 

24 

16 

3 

» 

n 

0.25 

12 

10 

2 

_ 

0.2 

4 

n 

51 

n 

» 

Still  stronger  is  the  action  of  salts  of  ammonia  upon 
ammonia,  as  the  following  figures  show. 

The  action  of  sulphate  and  chloride,   in  equivalent 
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amounts,  may  he  considered  as  the  same,  allowed  for 
errors  of  experiment.  The  degree  of  dissociation  of  these 
salts  is  also  very  nearly  the  same  at  such  high  dilutions  as 
are  here  used.  Though  it  would  seem  as  if  the  sulphate 
has  a  weaker  action  than  chloride  in  the  concentration 
0,1  n,  yet,  in  the  case  of  0,5  n  solutions,  rather  the  op- 
posite takes  place,  and  the  difference  must  then,  without 
douht,  he  attributed  to  errors  of  experiment.  Through  these 
series  we  get  a  good  idea  of  the  possible  extent  of  these 
errors  of  experiment  and  how  necessary  it  is  not  to  con- 
sider single  figures  by  themselves,  but  to  take  the  whole 
series  in  consideration.  Therefore,  in  the  following,  we 
use  the  mean  values  for  sulphate  and  chloride.  The 
action  of  very  diluted  solutions  of  salts  of  ammonia. 
0,0016  n,  (add.  of  0,4  cc.  0,04  n  salt  solution)  is  not 
stronger  (25%)  than  the  corresponding  solutions  of  the 
salts  of  the  strong  alkalies,  the  series  with  0,04  n 
N2H8  S04/2  indicates  this.  When  we  use  one  part  of  0,1  n 
salt  of  ammonia  in  6  parts  of  blood  mixture  (2  cc.  to  10 
cc.  blood  emulsion) — viz.  a  0,016  n  solution — the  hicmo- 
lytic  action  is  very  much  lessened;  it  is  then  no  greater 
than  that  of  a  4  times  smaller  amount  of  ammonia.  If 
we  add  half  this  amount  of  ammonium  salt  (0,008  n 
=  addition  of  1  cc.  0,1  n  salt  solution),  the  action  is 
decreased  to  about  1/s,  and  when  we  add  y4  of  this 
amount  of  salt,  (0,004  n  =  =  0,5  cc.  0,1  n  salt  sol.),  the 
action  is  decreased  to  about  2/5.  By  an  addition  of  0.06 
n  salt  (1,5  cc.  0,5  n  salt  solution),  the  action  is  de- 
creased to  V7. 

We  can  sum  up  these  values  as  follows: 
S  signifies  the  added  salt  of  ammonia. 

S.  0,0016          0,004          0,008          0,01(5          0,06 

reduction  0.75  0.4  0.3  0.25  0.14 
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The  action  is  of  about  same  character,  but  at  higher 
concentrations  considerably  stronger  than  that  of  the 
salts  of  the  strong  alkalies,  still  it  is  much  smaller  than 
the  action  of  ammonia  salts  upon  the  strength  of  am- 
monia. In  this  case  the  largest  addition  of  salt  would 
decrease  the  degree  of  dissociation  in  the  case  of  l/S80  n 
ammonia  to  about  y200;  as  may  be  calculated  from  the 
constant  of  dissociation  in  the  case  of  ammonia  at  25° 
C  (K  -  23  •  10-«). 

A  dissociation  constant  of  the  size  K  =  2  •  10-a  resp. 
4  •  103  would  be  required  to  obtain  a  decrease  corre- 
sponding to  the  above  mentioned  in  the  case  of  t he- 
combination  of  sodium  hydrate  and  ammonia  with 
blood  corpuscles.  Constants  of  this  magnitude  belong  to 
the  chlorophtalic  and  trichlorlactic  acids  which  are  among 
the  strongest  organic  acids. 

The  salts  have  also  an  action,  though  not  a  strong 
one,  0/2  tetanolysin.  This  appears  from  the  fact  that 
the  action  of  tetanolysin  is  stronger  in  salt  than  in  su- 
gar solution.  Still  small  doses  have  no  perceptible  ef- 
fect, as  appears  from  the  following  example.  The  expe- 
riments were  carried  out  by  adding  to  tetanolysin  sodium 
chloride  and  sodium  sulphate  (in  0,9  and  0,2  n  solu- 
tions) and  ammonium  sulphate  (in  0,75  n  and  0,2  n  so- 
lutions). The  action  of  the  weaker  doses  is  impercep- 
tible, the  differences  being  smaller  than  the  errors  of 
experiment.  The  action  of  equivalent  amounts  of  the 
three  salts  is  nearly  similar  and  amounts  to  about  50% 
in  a  0,04  n  solution.  A  salt  solution  of  the  strength  0,01  n 
or  less  has  no  or  a  very  little  influence.  The  strength 
of  the  lysin  in  the  added  solutions  was  0,2  %  (= 
addition  of  0,5  cc.  0,9  n.  salt  solution  to  10  cc.  blood 
emulsion). 
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Amount 
cc. 

Lysin 
pure 

Lysin 
4-0.9NaCI 

Lysin 
+0  2NaCl 

Lysin+0.9 
Na2S04/2 

Lysin  (-0.2 
NaaS04/2 

Lysin+0.75 

N2H8S04/2 

Lysin+O.l 
N2HsS04/2 

1.0 

15 

25 

18 

27 

12 

« 

)» 

0.7 

10 

17 

8 

24 

7 

„ 

M 

0.5 

5 

10 

5 

16 

5 

8 

7 

0.3 

2 

5 

3 

6 

5 

4 

2 

0.2 

1 

3 

2 

4 

4 

2 

1 

It  is  curious  that  the  haemolytic  action  of  the  three 
lysins  when  mixed  is  weaker  than  it  would  he  if  cal- 
culated from  the  mean.  This  applies  especially  to 
mixtures  of  tetanolysin  and  sodium  hydrate.  In  the 
following  series,  to  10  cc.  2,5%  blood,  diluted  with  sodium 
chloride,  similar  amounts  of  0,1  %  tetanolysin,  Veo  n 


NaOH   and 


fill 


n   NH..  and  of  mixtures  of  these  three 


solutions  were  added  (50%  of  each). 


Amount 
cc. 

A.  lysin 

B.  NaOH 

C.  NHs 

A+B 

A+C 

B  +  C 

D-     2 

L_     2 

F=      2 

1.0 

14 

22 

22 

5 

8 

8 

0.7 

9 

18 

10 

4 

3 

6 

0.5 

5 

G 

5 

2 

3 

3 

0.4 

3.5 

1 

2 

1 

2 

3 

0.3 

1.7 

0.5 

1 

1 

1.5 

2 

0.2 

1 

0.3 

0.5 

0.5 

1 

1.5 

The  values  in  the  series  D,  E  and  F  are  conside- 
rably lower  than  the  values  for  both  components,  if 
we  except  the  last  three  quite  unreliable  values  in  the 
F  series.  Similar  experiments  with  blood,  diluted  with 
sugar  solution,  had  similar  results.  In  the  mean,  the  hae- 
molytic  action  is  almost  of  the  same  power,  as  the  sum  of 
the  hcemolytic  actions  of  the  two  hgemolytic  bodies,  if  they 
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were  alone  in  the  solution.  The  first  value  in  the  D 
series  is  not  greater  than  in  the  case  of  the  half  concen- 
tration of  sodium  hydrate  or  tetanolysin  by  themselves  or, 
in  other  words,  the  action  is  just  as  great  as  if  only  one 
component  was  present.  This  low  value  may  perhaps 
depend  upon  an  accident.  A  lysin  seems  not  to  dis- 
solve the  blood  corpuscles,  which  are  combined  with 
another  lysin. 


The  hu?molytic  action  of  bases  is  in  a  very  percept- 
ible manner  decreased,  when  normal  serum  is  added. 
The  action  of  various  kinds  of  serum  seems  to  differ. 
Two  different  kinds  have  been  used,  one  marked  '-egout- 
teur ",  the  other  was  prepared  just  before  the  experi- 
ments. The  former  serum  is  in  the  table  designated  A, 
the  latter  B.  The  experiments  are  carried  out  with  so- 
lutions which  are  J/4o  n  m  the  case  of  sodium  hydrate 


Amount 
cc. 

1/40  n  NaOH 

A  III 

All 

A  I 

BIII 

BIl 

BI 

1.0 

100* 

(50 

(50 

47 

(50 

27 

7 

0.8 

75 

53 

40 

37 

40 

22 

4 

().(> 

41 

40 

18 

25 

20 

15 

2 

()..-> 

27 

22 

15 

22 

12 

4 

1 

0.4 

7 

7 

7 

10 

5 

1 

0.7 

as 

1 

" 

" 

» 

« 

11 

11 

V-mnNHs 

A  III 

All 

A  I 

1.0 

60 

45 

40 

33 

0.8 

45 

40 

33 

30 

().(> 

22 

27 

27 

27 

0.5 

1.'} 

12 

15 

16 

0.4 

4 

5 

5 

« 

0.3 

1 

51 

11 
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or  ammonia.  The  most  concentrated  solutions  (I)  con- 
tain 87,5%  serum,  the  following  (II)  37,5%  and  the 
weakest  (III)  15%.  Much  weaker  solutions  have  been 
examined  but  they  had  no  effect. 

It  appears  that  the  action  of  serum  B  is  much 
stronger  than  that  of  serum  A;  and  the  action  upon 
sodium  hydrate  is  stronger  than  the  action  upon  am- 
monia. In  the  case  of  solution  A  III,  the  decrease  is 
very  insignificant,  as  regards  ammonia  hardly  recognis- 
able, and  as  regards  sodium  hydrate  about  10%  (when 
the  greatest  amounts  are  added).  For  the  solution  A  II, 
the  decrease  in  the  strongest  concentrations  amounts 
to  25  %  for  NaOH,  to  15  %  for  NH3,  in  the  weaker  (0.5 
cc.)  to  10  %.  For  NHS  it  is  not  perceptible.  The  strong- 
est solutions  of  A  I  decrease  by  about  40  %  for  NaOH 
and  25  %  for  NH3.  The  strongest  solutions  of  B  III 
decrease  by  about  25  %,  the  strongest  of  B  II  by  50  %,, 
and  the  strongest  of  B  I  up  to  60  %.  The  strongest 
solutions  correspond  after  having  been  mixed  with 
blood  to  1,4,  3,4  and  8  %  of  the  whole  fluid.  The  ac- 
tion is  thus  comparatively  slight. 

This  is.  in  a  still  higher  degree,  the  case  with  eyy 
albumen.  For  the  following  experiments,  as  for  the 
earlier  ones,  y40  n  solutions  of  the  bases  have  been 


Amount 
cc. 

NaOH 

Na  II 

Na  I 

NHs 

NH:i  II 

Nils  I 

1.2 

« 

47 

47 

40 

40 

1.0 

50 

43 

40 

33 

37 

33 

0.8 

40 

35 

33 

30 

30 

29 

0.6 

23 

25 

22 

15 

20 

20 

0.5 

10 

12 

15 

7 

10 

15 

0.4 

3 

4 

„ 

3 

3 

5 

0.3 

2 

» 

2 

" 

» 
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used,  to  which  15  resp.  33  %  fresh  egg  albumen  have 
been  added.  As  usually,  a  2,5  %  blood  dilution  in  NaCl 
was  used.  Solutions  of  egg  albumen,  more  diluted  than 
those  just  mentioned,  have  no  recognisable  effect.  The 
stronger  solutions  are  signified  by  I  and  the  weaker  by  II. 

The  egg  albumen  has  no  recognisable  effect  upon 
ammonia;  the  action  upon  sodium  hydrate  is,  in  the 
case  of  solution  I,  about  20  %,  in  the  case  of  solution 
II  still  smaller,  this  applies  to  the  highest  concentra- 
tions. It  seems  from  the  figures  as  if  the  egg  albumen 
in  the  lowest  concentrations  increased  the  haemolytic 
action  a  little.  This  depends  probably  on  the  slower 
sedimentation  of  the  blood-corpuscles  in  the  solutions 
containing  albumen.  It  is  therefore  very  likely  that  if 
this  perturbing  circumstance  did  not  exist,  the  lowering 
action  of  the  egg  albumen  would  be  a  little  greater  than 
the  experiment  shows. 

Probably  the  action  of  albumen  is  of  an  exactly 
similar  nature  to  that  of  normal  serum.  It  is  a  well 
know  fact  that  the  albumens  have  the  property  of  com- 
bining with  both  acids  and  bases.  It  is  without  doubt 
this  property  of  the  albumen  which  concerns  us  here. 
Ammonia,  as  a  comparatively  weak  base,  is  in  this 
dilution  not  able  to  combine  with  the  albumen  in  a 
recognisable  degree,  its  combinations  being  almost 
completely  hydrolysed  in  such  great  dilutions. 

Normal  sera  and  especially  serum  B  have  a  greater 
power  of  combining  than  egg  albumen.  This  may 
be  attributed  to,  first  that  they  may  be  considered  as 
stronger  acids  than  egg  albumen,  and  still  more  pro- 
bably that  each  cc.  of  the  serum  contains  more  valencies, 
capable  of  fixing  bases,  than  1  cc.  of  the  egg  albumen. 
It  may  be  noted,  in  this  context  thai  serum  B  was 
rather  putrificd. 
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The  albumens  have  a  much  greater  power  of  decre- 
asing the  hsemolytic  action  of  the  tetanolysin  than  of  the 
hsemolytic  action  of  bases.  As  regards  the  normal 
serum,  this  is  already  well  known,  and  its  action  has  been 
compared  with  that  of  antitoxin,  although  it  is  much 
more  complicated,  as  will  be  seen  later. 

To  begin  with,  we  give  below  the  results  of  experi- 
ments w7ith  egg  albumen.  First,  the  amount  of  added 
toxin  is  indicated  as  in  the  earlier  tables.  In  the  first 
series  it  consisted  of  0,2  %  lysin,  in  the  last  (sixth)  - 
half  of  2%  lysin  and  the  other  half  of  egg  albumen, 
in  the  fifth  the  amount  of  lysin  was  1,5  cc.,  the  amount 
of  albumen  1  cc.,  to  which  1,5  cc.  of  water  was  added; 
in  the  fourth  series  the  corresponding  amounts  were  1,5, 
0,5  and  2  cc. ;  in  the  third  1,  0,2  and  2,8  and  in  the  second 
1,  0,05  and  2,95. 

For  the  sake  of  clearness  the  amount  of  lysin  is 
indicated  in  the  terms  of  1  :  100  %  of  the  whole  mix- 
ture to  which  blood  diluted  with  salt  solution  was  used; 


Amount 
cc. 

Lysin 

1.25  A 

5  A 

12.5  A 

25  A 

50  A 

1.0 

30(1.8) 

100*(4.5) 

47  (4.5) 

33  ('(5.7) 

43  (6.7) 

40(9.0) 

0.8 

27(1.47) 

100*(3.7) 

33(3.7) 

29(5.5) 

37(5.5) 

35(7.4) 

0.6 

13(1.12) 

H 

30  (2.8) 

27  (4.2) 

33  (4.2) 

32(5.6) 

0.5 

12(0.95) 

„ 

18(2.4) 

18(3.0) 

25  (3.0) 

30  (4.7) 

0.4 

9(0.77) 

35  (2.0) 

17(2.0) 

15(3.8) 

22  (3.0) 

„  (3.9) 

0.3 

" 

27(1.5) 

» 

*i 

- 

" 

these  are  given  in  the  table  in  brackets  by  the  side  of  the 
figures  expressing  the  amount  of  haemolysis. 

The  last  of  the  values  for  1,25  A  shows  that  egg  al- 
bumen has  no  sensible  action  in  a  concentration  of 
0,04  %.  The  middle  figures  in  the  next  column  indi- 
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catc  that  already  0,3  %  egg  albumen  is  able  to  decrease 
the  action  of  the  lysin  in  the  proportion  2,8:1,8,  viz. 
by  about  35  %.  The  corresponding  ciphers  in  the  next 
column  show  that  0,75  %  albumen  decreases  the  action 
of  the  lysin  to  about  64  %.  The  double  amount  of 
albumen  has  almost  the  same  power  of  action.  The 
experiments  showed  this  action  to  be  smaller,  which  with- 
out doubt  arose  from  errors  of  experiment.  And 
2,5%  albumen  decreases  in  the  proportion  4,7  :  1,8,  viz. 
by  62  o/0. 

The  facts  here  brought  forwards  are  quite  charac- 
teristic. The  action  of  albumen  is  not  perceptible  in 
the  concentration  0,04  %,  it  then  increases  rapidly 
with  the  concentration,  so  that  it,  when  this  is  0,3  % 
amounts  to  35  %,  and  when  it  is  0,75  %  to  64  %,  and 
after  that  it  remains  nearly  constant.  When  the  per- 
centage of  albumen  rises  from  0,3  to  0,75  the  increase 
in  the  action  is  almost  proportionate  to  the  amount  ot 
albumen  (with  allowance  for  errors  of  experiment). 

The  way  in  which  the  figures  follow  each  other  in 
these  series  is  also  very  remarkable.  In  the  first  series, 
in  which  pure  tetanolysin  was  added,  the  values  of  ha> 
molysis  (apart  from  the  first)  follow  approximately  the 
rule  that  haemolysis  is  in  proportion  to  the  square  of 
the  amount  of  lysin  added.  But  in  the  fourth  series 
(12.5  A)  on  the  other  hand,  proportionality  is  nearly 
maintained  betwen  the  amount  of  toxin  and  haemolysis, 
and  in  the  last  two  series  the  increase  of  haemolysis  is 
less  than  proportionate  to  the  amount  of  toxin. 

One  might  be  tempted  to  suppose,  that  this  arose 
from  the  greatest  amounts  of  albumen  accompanying 
the  greatest  amounts  of  toxin  in  the  experiments.  But 
we  have  seen  above,  that  beyond  a  certain  limit  which 
has  been  exceeded  in  this  case  (series  50  A),  the  in- 
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creased  additions  of  albumen  have  no  effect.  Albumen 
and  serum  have  in  this  repect  the  same  effect  upon  sodium 
hydrate  and  ammonia,  i.e.  the  action  upon  the  higher 
concentrations  of  the  ruemolysing  body  is  propor- 
tionately much  greater  than  upon  the  lower  concentra- 
tions. It  would  therefore  seem  as  if  the  albumens  added 
diminish  the  strength  of  the  chemical  combination, 
which  the  haemolysing  bodies,  to  begin  with,  form 
with  the  red  blood  corpuscles.  We  will  return  to  this 
phenomenon  later  on. 

The  normal  serum  has,  as  above  mentioned,  a  very 
great  effect  upon  the  tetanolysin.  In  the  table  below, 
the  figures  indicate  the  amount  of  serum  added  to  the 
toxic  fluid,  multiplied  by  100000. 


Amount 
cc. 

OS. 

13  S. 

27  S. 

81  S. 

310  S 

870  S. 

1250  S. 

2500  S. 

6250  S. 

50000  S. 

2.0 

11 

11 

2 

2 

1.6 

„ 

11 

11 

„ 

„ 

„ 

11 

22 

1 

1 

1.3 

11 

11 

11 

„ 

„ 

„ 

„ 

17 

1 

1 

1.0 

11 

11 

„ 

„ 

« 

65 

53 

15 

0.5 

1 

0.7 

r> 

11 

11 

„ 

(57 

65 

47 

13 

„ 

„ 

0.5 

11 

11 

11 

„ 

67 

60 

29 

10 

„ 

11 

0.4 

n 

11 

1) 

45 

11 

IT 

11 

11 

?) 

11 

0.35 

11 

11 

n 

„ 

40 

40 

27 

5 

„ 

71 

0.3 

11 

11 

36 

33 

32 

» 

„ 

» 

n 

„ 

0.25 

11 

n 

30 

24 

27 

30 

27 

3 

« 

11 

0.2 

n 

30 

25 

15 

18 

20 

18 

2 

» 

„ 

0.15 

2(5 

21 

15 

12 

10 

12 

10 

2 

11 

„ 

0.1 

14 

10 

7 

5 

11 

7 

7 

„ 

„ 

„ 

0.07 

7 

7 

4.5 

3 

11 

„ 

„ 

„ 

„ 

11 

0.05 

4 

4.5 

2 

„ 

„ 

„ 

„ 

i) 

„ 

„ 

0.04 

3 

3 

„ 

» 

„ 

„ 

„ 

„ 

„ 

„ 

0.03 

2 

1.5 

tt 

„ 

„ 

f 

„ 

„ 

„ 

11 

0.025 

1.5 

11 

• 

" 

" 

it 

« 

" 

11 

" 
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As  usual  a  2,5  %  blood  dilution  in  salt  water  was 
used.  The  figures  before  S  indicate  how  many  100  000 
parts  of  serum  were  contained  in  the  fluid  added  to 
the  blood.  Already,  when  the  serum  reaches  an  amount 
of  1,3  million  parts  of  the  bloodmixture ,  (addition  of 
0,1  cc.  0,013  %  toxinfluid  to  10  cc.  blood  emulsion)  its 
action  is  perceptible.  The  action  increases  nearly  in 
proportion  to  the  amount  of  serum,  until  this  has 
reached  16  million  parts  (=  0,2  cc.  of  0,081  %).  In  this 
case  the  decrease  in  the  action  of  lysin  is  about  50  °/0. 
During  the  increase  of  serum  from  16  to  250  million 
parts,  the  action  remains  just  the  same.  But  from 
250  million  parts  the  action  of  the  serum  becomes  again 
effective. 

The  figures  in  the  last  column  are  very  unreliable, 
because  the  blood  dilution  becomes  strongly  coloured 
(yellow),  when  greater  amounts  of  serum  (5 — 10  %) 
are  added,  and  by  this  means  the  hasmolysis  appears 
much  greater  than  it  really  is.  And  the  determinations 
are  generally  rather  unreliable,  when  the  haemolysis 
is  as  slight  as  here  (under  2).  It  is  also  observed  in 
this  case  that  the  increase  of  haemolysis  with  increasing 
amounts  of  toxin  becomes  slower  as  more  and  more 
serum  is  added. 

It  appears  from  this  circumstance  how  necessary  it 
is  in  these  experiments  to  wash  away  the  normal  se- 
rum from  the  blood  corpuscles,  before  they  are  used. 
The  following  experiment  was  carried  out,  partly  with 
blood  corpuscles,  twice  washed  with  an  isotonic  NaCl 
solution  and  centrifugalised,  partly  with  corpuscles  from 
the  same  blood,  only  once  centrifugalised  and  not 
washed.  The  difference  is  very  evident  (amounting  to 
about  30  °/0).  The  lysin  was  a  0,1  %  solution,  the 
blood  dilution  2,5  %. 
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One  must  list  about  50  %  more  lysin  in  order  to 
have  the  same  effect  on  the  "unwashed"  blood.  This 
quantity  may  evidently  be  different  in  different  cases. 

For  our  experiments  we  therefore  only  used  blood 
corpuscles  which  had  been  twice  very  thoroughly 
wrashed. 

As  the  albumen  or  serum  added  to  ammonia  or 
sodium  hydrate  has  a  very  different  effect  from  what 
it  has  when  added  to  tetanolysin,  we  cannot  assume 


Amount  added  cc. 

Bloodcorpuscles 

washed 

unwashed 

1.5 

27 

12 

1.0 

14 

7 

0.7 

7 

4 

0.5 

4 

3 

0.4 

3 

1.5 

0.3 

2.5 

1 

0.25 

1.5 

().(5 

that  this  action  concerns  the  blood  corpuscles;  in  that 
case  the  effect  ought  to  be  the  same  in  both  cases.  We 
must  therefore  suppose  that  the  serum  or  albumen 
has  a  direct  action  upon  the  lysin  or  some  combination 
of  it.  As  we  hawe  seen,  the  tetanolysin  probably  com- 
bines with  red  blood  corpuscles,  and  under  such  cir- 
cumstances it  is  very  likely  that  also  the  albumen  or 
serum  or  perhaps  some  of  their  components  combine 
with  tetanolysin,  which  in  this  way  becomes  weakened. 
The  amount  of  tetanolysin  combination  formed  is  nearly 
proportionate  to  the  added  amount  of  albumen  or  serum, 
but  only  to  a  certain  point,  at  which  practically  all 
tetanolysin  has  been  transformed  to  the  weaker  com- 
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bined  form.    From  this  point  further  additions  of  al- 
bumen have  no  appreciable  effect. 

Such  is  on  the  contrary  not  the  case  for  the  normal 
serum.  When  a  gradually  increasing  quantity  of  this 
is  added,  the  hremolytic  power  of  the  tetanolysin  is 
decreased.  It  is  curious  that  in  the  case  of  such  a 
strong  dose  as  1250  S  this  property  is  not  more  con- 
spicous  than  in  the  above  table.  This  most  probably 
depends  on  an  accident,  as  appears  from  the  following 
experiment  which  is  carried  out  with  2,5  °/0  blood, 
diluted  with  7,8  %  cane  sugar  solution. 


Amount 

CO. 

OS 

KiS 

310  S 

<>20S 

1250  S 

2500  S 

6250  S 

50000  S 

1.0 

n 

» 

13 

8 

4 

3.5 

2 

0.7 

« 

» 

14 

11 

4 

4 

„ 

n 

0.5 

TJ 

1(5 

10 

9 

4 

3.5 

n 

n 

0.4 

« 

(5 

(> 

7 

35 

3.5 

n 

n 

0.2 

15 

5 

3 

3 

3 

n 

„ 

11 

0.1 

(> 

3 

„ 

„ 

» 

n 

n 

it 

0.06 

4 

• 

" 

» 

• 

» 

" 

•>•> 

In  this  case  the  second  effect  of  serum  is  more  di- 
stinct than  in  the  preceding  case  and  is  perceptible  al- 
ready with  620  S. 

On  the  other  hand  the  former  table  is  more  instruc- 
tive as  regards  the  action  of  the  smallest  doses  of  serum. 
After  this  is  appears  that  normal  serum  in  higher  doses 
has  a  real  neutralising  action  upon  tetanolysin.  A  body 
with  such  an  effect,  viz.  antitetanolysin  will  be  ex- 
amined below.  The  normal  serum  may  be  considered 
as  composed  of  a  small  amount  of  antitoxin  and  great 
amounts  of  albumen. 

Additions  of  proleids,  normal  scrum  included,  have 
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thus  a  decreasing  action  upon  haemolysis.  They  behave 
as  if  they  combined  partially  with  the  bases  and  with 
the  tetanolysin,  giving  in  this  way  weaker  hiumolysiiig 
agents.  Therefore  it  is  characteristic  of  all  these  proteid 
bound  hsemolytic  bodies  that  the  increase  of  haemoly- 
sis with  increasing  amounts  of  the  hsemolysing  body 
is  progressing  less  rapidly  than  for  the  pure  bases  or 
lysin.  This  effect  increases  -  -  as  may  be  expected  - 
with  the  amount  of  proteid. 

In  this  chapter  we  have  dealt  with  the  action  of 
a  few  so  to  speak  neutral  bodies  upon  the  haemolysis. 
This  action  is  very  different  in  different  cases  and 
must  therefore  be  ascribed  to  different  causes. 

As  to  the  action  of  neutral  salts  upon  the  strong 
bases,  it  is  similar  in  all  of  them  (when  present  in 
equivalent  amounts).  This  is  most  easily  explained  by 
supposing  that  the  combination  of  strong  alkalies  with 
red  blood  corpuscles  behaves  as  weakly  dissociated  sail 
like  acetate  ot  copper  or  potassiumstibiotartrate  or  like 
a  rather  strong  base,  the  degree  of  dissociation  of  which 
is  decreased  through  the  addition  of  salt. 

The  same  applies  to  the  effect  of  ammonia  salts  upon 
the  hcemolytic  action  of  ammonia,  but  the  effect  is  here 
much  stronger.  In  other  terms,  the  combination  of  am- 
monia with  blood  corpuscles  is  much  less  dissociated 
than  the  combinations  of  the  strong  bases.  It  is  only 
the  dissociated  molecules  of  these  salt  like  combinations 
which  react  (or  at  any  rate  they  react  much  quicker 
than  the  undissociated).  Therefore  the  velocity  of  reac- 
tion is  decreased  through  the  addition  of  salts,  contain- 
ing the  same  ions.  We  might  also  suppose  that  some 
soluble  product  of  the  combination  of  the  bases  with 
the  red  blood  corpuscles  was  formed  and  that  this  was 
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necessary  for  the  further  progress  of  the  reaction.  The 
solubility  of  this  body,  which  would  be  an  electrolyte, 
would  be  decreased  through  addition  of  similar  ions. 
In  this  case  il  must  also  be  supposed  that  the  solubility 
or  the  degree  of  dissociation  of  the  salts  of  the  strong 
bases  (KOH,  NaOH  and  LiOH)  were  almost  similar, 
while  on  the  contrary  the  solubility  (or  the  degree  of 
dissociation)  of  the  salt  of  ammonia  is  considerably 
smaller.  The  small  effect  of  the  alkaline  earths  probably 
depends  on  the  formation  of  insoluble  products  of  the 
haemolysis,  which  therefore  in  no  higher  degree  can 
manifest  itself. 

Hut  the  sails  of  the  strong  bases  and  of  ammonia 
have  also  another  effect  upon  haemolysing  processes 
having  an  increasing  effect  upon  tetanolysin.  This  pro- 
bably depends  on  a  direct  action  on  the  red  blood  cor- 
puscles, which  through  the  addition  of  salt  are  rendered, 
so  to  speak,  more  susceptible  of  attack.  This  effect  is 
of  course  supraposed  to  that  just  mentioned,  which  in 
consequence  is  apparently  weakened.  Still  the  increa- 
sing effect  of  salts  upon  ruemolysis  can  be  demonstra- 
ted by  the  examination  of  the  velocity  of  reaction.  1  cc. 
n  NaCI  solution  added  to  a  solution  of  0,5  cc.  0,5  n 
NaOH  in  10  cc.  2,5%  blood  emulsion  in  cane-sugar  so- 
lution, at  22,4°  C  increased  the  velocity  of  haemolysis  by 
about  25%:  when  half  the  amount  of  NaCI  was  added, 
the  velocity  was  increased  by  half  that  quantity.  Sodium 
nitrate  seems  in  these  experiments  to  have  about  the 
same  action  as  Nad,  perhaps  a  little  stronger:  the  ac- 
tion of  the  sodium  sulphate  on  the  contrary  is  only 
half  as  strong.  All  the  ammonia  salts  have,  on  the 
other  hand,  a  strong  decreasing  effect  on  the  velocity 
of  reaction,  yet  not  to  such  a  great  extent  as  in  the 
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above  experiments.  The  sulphate,  the  chloride  and  the 
nitrate  had  in  this  case  almost  the  same  effect:  when 
1  cc.  normal  solution  was  added  to  a  mixture  of  0,5  cc. 
0,2  n  ammonia  with  10  cc.  blood  (2,5%  in  cane-sugar 
solution)  the  velocity  of  reaction  was  decreased  to  about 
Y3,  and  by  the  addition  of  0,25  cc.  normal  solution  it 
was  only  b/10  of  the  velocity  it  reached,  when  salts  were 
absent.  In  this  case  the  increasing  effect  of  the  salts 
was  not  able  to  outway  the  decreasing  effect  of  am- 
monia salts  upon  the  degree  of  dissociation  of  the  com- 
bination of  ammonia  with  red  blood  corpuscles. 

The  proteids  have  quite  another  effect.  This  appears 
most  plainly  in  the  action  of  egg-albumen  upon  tetano- 
lysin.  We  have  seen  that  this  action  is,  roughly  speak- 
ing, proportionate  to  the  proteids  added,  up  to  a  certain 
point,  and  then  becomes  almost  stationary,  in  spite  of 
further  additions  of  proteids;  it  is  therefore  probable 
that  in  this  case  a  rather  strong  combination  takes  place. 
These  experiments  suggest,  that  a  combination  is  form- 
ed between  tetanolysin  and  proteid,  which  retains  the 
properties  of  tetanolysin,  although  to  a  less  extent.  It 
follows  that  the  haemolytic  effect  of  the  lysin  is  decrea- 
sed, this  being  especially  the  case  with  higher  concen- 
trations. 

The  normal  serum  has  a  precisely  similar  effect  upon 
tetanolysin.  But  to  this  effect  is  added  another  proper- 
ty of  the  normal  serum,  which  is  evident  in  higher 
concentrations  and  seems  to  correspond  to  the  action 
of  antitoxin  upon  toxin.  As  will  be  shown  in  the  follo- 
wing, this  process  must  be  considered  as  probably  a 
phenomenon  of  neutralisation. 

According  to  this,  the  action  of  albumen  and  serum 
upon  sodium  hydrate  and  ammonia  may  be  explained 
as  follows:  sodium  hydrate  or  ammonia  is  added  to 
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albumen   or    serum,   by    this    means  combinations    are 

•/ 

formed  which  in  the  main  keep  the  properties  of  both 
bases,  but  are  weaker.  Also  another  explanation  could 
be  given,  viz.  the  proteids  act  partly  as  acids  and  neu- 
tralise the  bases,  resulting  in  the  formation  of  saltlike 
combinations  which  still  were  highly  hydrolysed,  espe- 
cially in  the  case  of  ammonia.  These  interpretations  do 
not  after  all  differ  very  much  from  each  other  and  lead 
in  the  main  to  the  same  conclusions. 
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THE  ACTION  OF  ANTITOXIN  UPON  TOXIN. 

Numerous  investigations  concerning  this  problem 
have  shown,  that  the  toxicity  of  a  toxin  decreases  when 
increasing  amounts  of  antitoxin  are  added.  The  first 
experiments  of  this  kind  with  diphtheria  toxin  and  with 
tetanolysin  were  represented  as  a  so  called  "toxin  spec- 
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trum'',  which  in  the  case  of  letanolysin  had  the  form, 
shown  in  fig.  3,  but  it  was  already  then  pointed  out,  that 
the  action  of  antitetanolysin  upon  tetanolysin  should 
rather  be  expressed  by  means  of  a  continuous  curve.1) 
During  the  last  three  years  a  very  great  number  of 
experiments  with  tetanolysin  were  undertaken,  and  at 


l)  Th.  Madsen  1.  c.  p.  226. 


Ill 

last    one    was    obtained    which    showed    very    regular 

J  O 

results.  The  whole  experiment  was  carried  out  on  one 
day  with  the  same  blood-dilution  and  all  the  values 
therefore  are  completely  commensurable.  They  are  gi- 
ven in  the  following  table,  where  the  first  column  indi- 
cates how  many  (n)  cc.  of  antitoxin-solution  (V4oo%) 
were  added  to  2  cc.  of  a  2%  tetanolysinsolution  and 
to  (2  -  -  n)  cc.  water.  Under  the  heading  ,,x  obs."  is 
indicated  the  "toxic  quantity"  i.  e.  the  quantity  ot  this 
mixture,  which  added  to  10  cc.  2,5  %  horseblood  (dilu- 
ted with  saltwater)  produced  a  haemolysis  ==  20.  When 
amounts  over  1  cc.  are  indicated,  only  y]0  of  a  10  times 
more  concentrated  solution  was  added.  These  cases 
are  marked  by  an  asterisk  in  the  table  below.  Under 
the  supposition  that  all  the  tubes,  with  the  same  degree 
of  haemolysis,  contained  the  same  amount  of  toxin,  the 
amount  of  toxin  which  was  present  in  every  cc.  of  the 
solution  added  was  calculated  in  arbitrary  units.  In 
reality,  we  calculated  how  much  toxin  was  present  in 
the  whole  mixture  of  10  cc.  blood  and  the  added  amount 
of  toxin  (this  amount  of  toxin  being  proportionate  to  the 
total  volume);  and  it  was  then  supposed  that  if  this 
fluid,  the  blood  corpuscles  excepted,  was  concentrated 
to  the  original  volume  of  toxin  added,  this  ought  not 
to  cause  any  change  in  the  loxicity  -  -  or  if  a  such 
should  really  be  present,  that  it  would  be  of  the  same 
relative,  size  in  all  cases.  The  observations  below 
mentioned  show  this  supposition  to  be  in  concordance 
with  the  experience.  Is  x  the  toxic  quantity,  the  loxi- 
city (Jr  will  be  found  after  the  following  formula: 

1       10  +  x 
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Should  the  volume  added  be  only  one  lenth,  then 
0,1  x  is  substituted  for  x  in  the  numerator,  the  x  in 
the  denumerator  remains  unchanged. 

Besides  x  obs.  is  a  column  x  calc.,  calculated  in  the 
manner  indicated  below.  In  the  next  column  under  the 
heading  G  obs.  is  indicated  the  G,  calculated  from  the 
x  obs.  as  above  mentioned.  The  last  column,  G  calc., 
gives  a  theoretical  value,  calculated  after  a  formula  in- 
dicated below.  From  this  G  calc.  a  x  calc.  has  been 
found  according  to  the  above  formula  for  the  purpose 
of  a  direct  comparison  with  the  observed  value  of  x. 

The  toxicity  of  mixtures  of  tetanolysin  and  antitetanolysin. 


n 

x  obs. 

x  calc. 

G  obs. 

G  calc. 

0 

0.23 

0.23 

4.45 

(4.45) 

0.05 

0.28 

0.28 

3.67 

3.67 

0.1 

0.33 

0.35 

3.13 

2.95 

0.15 

0.45 

0.46 

2.32 

2.29 

0.20 

0.66 

0.60 

1.62 

1.76 

0.30 

*1.15 

1.05 

0.97 

1.03 

0.40 

•1.6 

1.64 

0.63 

0.62 

0.50 

*2.3 

2.21 

0.45 

0.46 

0.70 

*3.8 

3.7 

0.27 

0.28 

1.0 

*>6.0 

5.9 

0.18 

0.18 

1.3 

*9 

8.0 

0.12 

0.13 

1.6 

*12.5 

10.2 

0.09 

0.11 

2.0 

*14 

13.0 

0.08 

0.09 

These  observations  are  graphically  reproduced  in 
fig.  4,  where  the  line  represents  x  calc.  and  the  dotted 
line  G  calc.  The  observed  values  are  indicated  by 
means  of  this  cross  (X)  or  this  (+)  cross. 

It  appears  that  the  values  of  x  obs.  increase  con- 
tinuously and  gradually  with  n.  In  consequence  the 
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G  obs.  continually  decrease  with  increasing  n.  There 
is  therefore  no  reason  for  drawing  the  G  curve  (the 
previously  so  called  "toxinspectrum")  as  a  line,  formed 
like  stairs,  this  would  also  be  very  improbable  from  a 
theoretical  point  of  view.  It  was  owing  to  the  great 
errors  of  experiment  and  especially  the  very  complicated 
composition  of  a  deteriorated  diphtheria  toxin  which 
caused  the  first  curves  of  toxicity  to  take  this  form. 


Kig.  4. 
Neutralisation  of  telanolysin  bv  antitoxin 

t  observed  values.  -  toxic  quantity 

X  -  -  -  toxicity 

This  curve  of  toxicity  is  very  like  that,  which  repre- 
sents the  equilibrium  between  a  body  in  partial  disso- 
ciation and  its  products  of  dissociation.  The  formula 

[Free  toxin]  (Free  antitoxin]_    (combined  toxin-antitoxin]3 
~  ~ 


has  been  used  for  the  calculation  of  G.  The  calcula- 
tion of  the  free  and  combined  toxin  has  been  made  in 
the  following  manner.  The  original  mixture  of  toxin 
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and  blood  (free  from  antitoxin)  contains  pr.  cc.  0,23: 
10.23  units  (as  unit  is  chosen  the  amount  of  toxin,  con- 
tained in  1  cc.  of  a  1%  solution  of  tetanolysin).  When, 
in  another  experiment,  x  cc.  must  be  added  to  obtain 
the  same  degree  of  colour,  then  the  amount  of  toxin 
pr.  cc.  is  x  :  (10  +  x). 

As  in  both  experiments  the  same  degree  of  colour 
resulted,  the  amount  of  free  toxin  must  be  the  same  in 
the  two  cases  (a  correction  for  the  variations  of  the 
amount  of  blood  is  not  necessary,  cfr.  p.  15)  \\'/. 
0,23:10,23,  the  amount  of  toxin  combined  is  conse- 
quently the  difference  between  the  added  and  the  free 
toxin  '  =  x:(10  +  x)  -  -  0.23 :  10.23.  The  amount  ofanti 
toxin  combined  is  the  same.  As  we  now  have  added 
n  cc.  antitoxin  solution  to  2  cc.  2%  lysin,  ±  cc.  anti- 
toxin corresponds  to  every  unity  of  toxin  added.  Then 
in  each  cc.  of  solution  ^  .  ^—  .  p  parts  of  antitoxin 
are  present  supposed  that  1  cc.  of  the  used  solution  of 
antitoxin  is  equivalent  to  p  cc.  of  1  %  tetanolysin. 
From  this  amount  the  amount  of  antitoxin  just  now 
determined  is  subtracted,  and  then  the  value  of  the  amount 
of  free  antitoxin  is  found.  Thus  we  get  the  equation: 

M3_\l!l_    JL_          /    x  0,23  v |      r/_x_        0,23^ 

10,23/14   "  10+xP      \10-i-x  ~  ~  10,23/J         \10+x  "  "  10,23J 

For  the  determination  of  the  values  of  p  and  K. 
representing  the  two  unknown,  as  many  equations  (12) 
can  be  set  up  as  we  have  experiments  concerning  the 
loxicity  of  mixtures  of  toxin  and  antitoxin.  By  means 
of  successive  approximation  first  the  most  probable  va- 
lue of  p  is  found,  and  after  that  the  most  probable 
value  of  K.  The  values  calculated  from  the  above  data 
as  the  most  probable  are:  -  -0,0(59:  p  14,,").")  K 
0.115. 
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p  14,55  indicates,  that  1  cc.  of  the  antitoxin  used 
Y4bo(%)  is  equivalent  to  14s55  cc.  of  the  above  supposed 
arbitrary  unit  of  toxin.  Or  in  other  terms:  the  unit 
of  toxin  used  corresponds  to  0,069  cc.  of  the  antitoxin 
used. 

In  Fig.  4  this  circumstance  is  represented  by  the 
fact  that  the  tangent  of  the  G-curve  in  the  point  n  ==  0 
cuts  the  abscissa  in  the  point  n  0,276,  for  0,276  cc.  of 
Y40o°/o  antitoxin  are  sufficient  to  neutralise  2  cc.  of  2% 
lysin  i.e.  4  toxin-units  that  are  used  in  making  the 
toxic  mixture. 

By  means  of  the  values  of  p  and  K  later  on  the 
values  G  calc.  and  x  calc.  have  been  calculated.  The 
concordance  between  the  observed  and  calculated  values 
of  x  is  exceedingly  good.  The  lacking  concordance, 
which  perhaps  might  be  found  in  the  case  of  the  hig- 
hest values  of  n,  for  insl.  Xobs.  =  12,5;  Xcalc.  =  =  10,2  is 
more  apparent  than  real,  for  in  the  case  of  these  great 
amounts  of  antitoxin  the  equilibrium  between  fixed  and 
free  antitoxin  and  toxin  is  obtained  very  slowly.  It  is 
therefore  necessary  to  permit  the  solutions  of  toxin  and 
antitoxin  to  be  mixed  for  a  long  time,  before  they  are  used 
for  the  experiments.  But  the  tetanolysin  is  weakened, 
when  it  is  kept  in  solution  during  a  longer  time,  and 
any  special  good  concordance  can  therefore  not  be  ex- 
pected in  this  case.  All  experiments  with  great  amounts 
at'  antitoxin  (from  and  with  n  -  0,50)  give  also  a  too 
great  value  of  Xobs.  compared  with  Xcalc.  In  other  terms: 
the  toxin  was  weaker  than  would  be  expected  from  the 
experiments  with  small  amounts  of  antitoxin.  The 
toxin  becomes  weaker  through  the  long  time  of  reac- 
tion, and  as  a  rule  the  more  so  the  longer  time  the  mix- 
lure  of  toxin  and  antitoxin  lias  to  be  kept  before  it 
is  used. 

• 
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Besides  p  and  K  also  another  constant,  or  to  put  it 
more  exactly,  two  constants,  viz.  two  of  the  powers  in 
the  above  equation,  must  be  determined  by  means  of 
the  material.  Yet  in  this  case  only  simple  integers  can 
be  used,  so  that  the  choice  is  not  difficult,  a  hasty  glance 
on  the  figure  giving  the  most  probable  values.  It  must 
still  be  noticed,  that  the  powers  1  and  2  represent  as 
simple  a  case,  as  could  be  expected,  and  this  makes  it 
more  probable  that  the  equation  represents  a  natural 
process. 

For  the  purpose  of  illustrating  still  more  thoroughly 
the  great  resemblance  between  the  neutralisation  of  toxin 
through  antitoxin  and  of  a  base  through  an  acid,  we  have 
examined  a  closely  allied  phenomenon,  where  a  base 
ammonia,  also  acting  as  a  lysin,  is  neutralised  by  an  acid 
the  boracic  acid.  This  case  could  be  examined  with  quite 
the  same  method  which  was  used  with  the  combina- 
tion of  toxin  with  antitoxin.  Here  we  know  beforehand 
p,  as  the  amount  of  boracic  acid,  equivalent  to  a 
certain  amount  of  ammonia  or,  to  put  it  more  exactly, 
very  few  values  of  p  were  left  to  choose  between.  We 
might  suppose  either  that  one  molecule  of  ammonia  NH3 
combined  with  one  molecule  boracic  acid  H3O3B  to 
NH4H203B,  or  that  two  molecules  H3N  combined  with 
4  molecules  boracic  acid  to  the  salt  (NH4)2  B4o7  (+  12 
H20),  analogous  to  borax.  Also  other  possibilities  might 
be  supposed,  viz.  that  two  or  three  molecules  of  ammo- 
nia combined  with  one  molecule  boracic  acid.  The 
experiments  showed  the  first  supposition  -  -  the  sim- 
pler one  -  -  to  be  right.  Solutions  were  made,  which 
to  1  molecule  of  ammonia  contained  0,  l/G,  l/3,  2/3,  3/3, 
4/s,  5/s  an(l  2  molecules  of  boracic  acid.  Of  these  mixtu- 
res various  doses  were  added  to  10  cc.  blood  emulsion 
(2,5%  in  saltwater)  and  put  at  37°  C.  for  1  hour,  quite 
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as  the  mixtures  of  toxin  and  antitoxin  in  the  example 
just  mentioned.  Among  the  mixtures  of  ammonia,  one 
was  selected,  containing  0,17  cc.  o,l  n  NH3  in  10  cc. 
blood,  which  showed  a  convenient  degree  of  colour 
that  could  be  exactly  determined  by  means  of  the 
colorimetric  method. 

In  this  case  theoretical  reasons  lead  us  to  foresee 
that  the  equation: 

(free  NH3|    (free  H303B|        INHJ^OgBia 

I     vol     J|       vol       j    K\       vol       J 
would  be  right. 

If  (NH3)  be  the  concentration  of  ammonia,  (H2O)  be 
the  vapour-pressure  of  the  water  in  the  solution,  which, 
in  these  exceedingly  small  concentrations  without  recog- 
nizable error,  can  be  considered  as  constant  (the  total 
concentration  amounts  in  maximo  to  0,025  normal,  cor- 
responding to  a  decrease  of  the  vapour-pressure  of  only 
Y22  percent)  -  -  is  (H303B)  the  concentration  of  the  boracic 
acid  etc.,  then  the  following  equations  are  valid: 

(H3N)  (H30)  -  K  (NH4OH)  =  K,  (NH4)  (OH) 
(H303B)  =  .  K2  (H)  (H203B) 

from  this  follows: 

(H3N)  (H303B)  -  K3  (NH4)  (H203B) 

it  is:  the  product  of  the  concentration  of  the  undisso- 
ciated  ammonia  (not  combined  as  salt)  with  the  con- 
centration of  the  free  boracic  acid  is  proportionate  to 
the  product  of  the  concentrations  of  the  ions  of  NH4 
and  H203B.  If  the  amount  of  boracic  acid  be  not  too 
small  for  a  recognizable  amount  of  borate  to  be  form- 
ed, then  the  quantity  of  NH4  and  H;iO3B  ions, 
which  may  not  be  considered  as  arising  from  disso- 
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elated  salt1),  but  from  dissociated  ammonia  and  boracic 
acid,  is  minimal  in  comparison  with  those  ions,  arising 
from  dissociated  salt.  In  the  present  case  the  blood  isemul- 
sionated  in  0,8  %  Nacl  (=  0,14  n).  The  quantity  of 
salt,  formed  through  combination  with  ammonia,  never 
amounting  to  0,006  normal  in  the  above  experiments, 
the  total  concentration  of  the  different  solutions  may 
be  considered  as  subjected  to  only  such  small  varia- 
tions that  the  degree  of  dissociation  of  the  salts  keeps 
almost  completely  constant.  Therefore  the  number  of 
ammonium  ions  is  proportionate  to  the  amount  of  am- 
monia combined,  and  the  number  of  borateions  pro- 
portionate to  the  amount  of  boracic  acid  combined,  which 
is  equivalent  to  the  amount  of  ammonia  combined. 

Thus  we  get  the  following  equation: 

(amount  of  free  NH3)  (amount  of  free  H303B)  = 
K  (amount  of  combined  NH3)a 

This  is  exactly  the  same  equation  as  previously  found  in 
the  case  of  tetanolysin,  when  toxin  is  exchanged  for  am- 
monia and  antitoxin  for  boracic  acid.  In  this  case  the 
experiment  is  not  so  simple  as  in  the  case  of  lysin,  the 
newly  formed  ammonia  salt  decreasing  the  action  of  am- 
monia. Still  with  these  small  amounts  it  can  be  con- 
cluded without  recognizable  error,  that  when  ammonia- 
salt  is  added  in  an  arithmetical  progression,  the  hiumo- 
lysing  property  of  ammonia  decreases  in  geometrical 
progression.  In  the  following  calculation  our  starting 
point  was  the  fact,  previously  ascertained,  that  0.01  n 
ammoniumsalt  decreases  the  action  of  ammonia  to  40 
percent.  If  thus  the  degree  of  haemolysis  used  as  unit 
is  produced  by  0,00167  n  ammonia,  as  above  stated, 

i)  Cf.  S.  Arrhenius:  Zeitschr.  f.  physic.  Chemic.  o  i  (1890). 
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then  in  the  presence  of  0.01  n  borate  of  ammonia  0,00417 
n  Tree  ammonia  is  needed,  and  in  the  presence  of  0.005 
n  borate  of  ammonia  0.00264  n  ammonia  is  needed  to 
produce  the  same  degree  of  haemolysis.  All  the  cases 
are  chosen  in  such  a  way,  that  they  produce  a  simi- 
lar degree  of  haemolysis,  in  consequence  the  calcula- 
tions of  the  amount  of  free  ammonia  are  undertaken  in 
the  above  manner. 

In  the  following  table  /?  indicates  the  amount  of  bo- 
racic  acid  (in  equivalents)  present  in  the  solution  for 
each  equivalent  of  ammonia.  The  ammonia  used  for 
the  mixtures  was  0.1  n,  the  solution  of  boric  acid  0.2 
n  and  they  were  mixed  in  different  proportions  without 
water  being  added,  x  obs.  indicates  the  amount  of  the 
mixture  in  question,  which  added  to  10  cc.  of  blood 
produced  the  haemolysis  intended.  In  the  next  column 
a  calculated  value,  x  calc.,  is  given.  Under  the  heading 
a  the  amount  of  ammonia  (free  or  combined),  present 
in  every  test  tube  is  indicated  in  0.01  normal  solution 
as  unit.  Under  b  the  corresponding  amount  of  boracic 
acid  added  is  indicated.  Under  c  obs.  is  found  the 
amount  of  free  ammonia,  which  in  the  present  case  is 

The  toxicity  of  mixtures  of  NH3  and  H3O3H. 


n 

X  obs. 

X  calc. 

a 

b 

c  obs. 

c  calc. 

G  obs. 

G  ealc. 

0 

0.17 

(0.17) 

0.1(57 

0.167 

(0.167) 

6.0 

6.0 

V, 

0.20 

0.22 

0.181 

0.030 

0.169 

0.154 

5.1 

4.7 

'-'/B 

().2r> 

0.27 

0.209 

0.070 

0.172 

0.157 

4.1 

3.8 

'Ye 

0.40 

0.42 

0.289 

0.19:5 

0.184 

0.174 

2.6 

2.5 

"/„ 

0.70 

•  0.0(5 

0.436 

0.4:5(5 

0.207 

0.219 

1.51 

1.62 

s; 
Is 

0.90 

0.99 

0.495 

0.660 

0.216 

0.213 

1.21 

1.10 

101 
16 

1.50 

1.4I5 

0.712 

1.187 

0.256 

0.268 

0.77 

0.79 

121 
16 

2.00 

2.00 

0.8:53 

1.667 

0.279 

0.279 

0.60 

0.60 
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necessary  for  the  production  of  the  given  haemolysis, 
calculated  according  to  the  above  reasons,  c  calc.  is 
calculated  from  the  above  equilibrium-formula,  in  which 
the  constant  K  is  put  :  1.02.  Finally  the  table  under 
the  headings  Gobs,  and  Gcalc.  contains  two  columns, 
indicating  the  observed  and  the  calculated  toxicity  of 
the  mixtures  in  question  in  the  same  manner  as  in  the 
case  of  tetanolysin. 


G  x 

e  2 


0,5 


1 


x    G 

2       6 


2 


0,-. 


Fig.  5. 

Neutralisation  of  ammonia  bv  boracic  acid. 

+  observed  values.                                                                        '  toxic  quantity 
X  toxicity 

The  concordance  between  the  observed  and  the  cal- 
culated values  is  quite  satisfactory  and  the  difference 
not  greater,  than  may  be  explained  by  errors  of  expe- 
riment. The  experiments  2 — 4  have  throughout  given 
lower  values  of  ccalc.  than  of  cobs.  In  this  case  the 
dissociated  parts  of  ammonia  and  boracic  acid  play  per- 
haps a  perceptible  role,  and  it  is  worthy  of  notice,  that 
a  correction  in  this  direction  would  increase  the  agree- 
ement,  but  we  want  observations  at  a  temperature  of 
37°  C.,  by  means  of  which  this  correction  could  be  made. 
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The  curves  of  fig.  5  are  made  analogous  to  that  of 
tetanolysin  (fig.  4);  an  out  drawn  line  representing  the 
values  of  a,  with  upright  standing  crosses  indicating  the 
corresponding  observed  values,  and  a  dotted  line  the  cal- 
culated and  observed  values  for  1 :  a.  The  latter  corre- 
sponds to  the  curve  of  toxicity  and  ought  according  to  the 
old  nomenclature  to  be  called  the  toxin  spectrum  of  am- 
monia. There  is  a  striking  agreement  between  this  curve 
and  the  corresponding  curve  for  tetanolysin.  They  only 
differ  as  regards  the  constants,  these  being  different  in 
the  two  cases  (0,117  for  tetanolysin,  1,02  for  ammonia). 
How  insignificant  this  difference  is  appears  from  the 
fact,  that  tetanolysin,  kept  in  solution  for  a  certain 
time,  becomes  weaker;  this  effects  an  increase  of  the 
constant.  As  will  later  on  be  shown,  this  constant  du- 
ring the  time  May  1900 — June  1902  had  increased  from 
0.12  to  1.7  and  had  thus  once  passed  the  value  1.02.  If 
the  toxin  had  been  examined  at  this  time,  the  curves 
of  toxicity  of  ammonia  and  tetanolysin  had  been  iden- 
tical. 

The  consequence  of  all  this  is,  that  the  decrease  of 
the  action  of  tetanolysin  through  antitoxin  in  all  like 
lyhood  is  caused  by  a  combination  of  the  two  bodies. 
As  so  often  occurs,  especially  in  the  case  of  organic 
combinations,  this  combination  is  partly  decomposed  in 
its  components,  so  that  a  chemical  equilibrium  between 
the  latter  and  the  combination  takes  place  according  to 
the  above  formula  (the  law  of  Gnldberg-Waage).  This 
formula  indicates  that  of  one  molecule  of  toxin  and  of 
one  molecule  of  antitoxin  two  molecules  of  the  combi- 
nation toxin-antitoxin  are  formed. 

The  great  likeness  between  the  state  of  equilibrium 
between  ammonia,  boracic  acid  and  ammonia  borale  and 
their  ions,  needs  not  go  so  far  that  it  is  necessary  to 
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suppose,  that  also  the  toxin-antitoxin  is  eleclrolytically 
dissociated,  and  that  it  has  the  constitution  of  a  salt;  and 
as  little  the  lysin  needs  to  be  considered  a  base  and 
the  antitoxin  an  acid.  The  experiments  made  in  this 
direction,  certainly  not  very  systematic,  indicate  that 
matters  do  not  stand  so,  but  that  here  rather  a  case  of 
common  dissociation  is  present.  Perhaps  it  is  also 
worth  notice,  that  according  to  the  above  equation  the 
dissociation  of  the  toxin-antitoxin  is  not  changed  with 
the  dilution. 

The  resemblance  between  the  combination  of  toxin 
through  antitoxin  and  the  neutralisation  of  a  base  by 
means  of  an  acid  was  already  early  searched  for.  The 
non  success  in  detecting  this  resemblance  depends  on, 
that  the  neutralisation  of  a  base  through  an  acid  was 
always  considered  to  take  place  as  in  the  case  of  strong 
bases  and  strong  acids,  where  complete  neutralisation 
occurs,  when  they  are  mixed  together  in  equivalent 
amounts.  This  phenomenon  is  represented  by  the 
straight  line  on  fig.  5. 

If  a  strong  acid,  for  instance  hydrochloric  acid,  be 
added  to  a  not  all  to  weak  base  (f.  inst.  ammonia),  the  ac- 
tion of  NH3  as  base  (f.  inst.  its  hiemolytic  action)  is 
completely  suppressed,  a  soon  as  an  equivalent  amount 
of  acid  is  added.  If  only  half  an  equivalent  of  acid  be 
added  to  one  equivalent  of  the  base,  then  its  action  is 
reduced  to  the  half  and  the  addition  of  one  third  equiva- 
lent of  acid  will  reduce  the  action  of  the  base  to  % 
and  so  on.  The  neutralising  action  of  the  acid  is  pro- 
portionate to  the  amount  added  until  complete  neutra- 
lisation takes  place;  after  this  the  acid  has  no  more 
neutralising  action.  But  the  difference  between  this 
phenomenon  and  the  neutralisation  of,  f.  inst.,  ammo- 
nia with  boracic  acid  or  lysin  with  antilysin  is  in  reality 
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only   of   a    qualitative    nature.     To    both  cases    applies 
the  equation: 

(Amount  of  free  acid)  (Amount  of  free  base)  = 
K  (Amount  of  combined  base)2. 

In  the  case  of  the  strong  acids  and  the  strong  bases 
(or  even  NH3)  K  is  =  =  0,  perhaps  more  correctly  excee- 
dingly small.  It  follows  from  this  that  either  the 
amount  of  free  acid  or  the  amount  of  free  base  is  ex- 
ceedingly near  0,  viz.  a  strong  acid  and  a  strong  base 
cannot  exist  in  perceptible  amounts  in  the  same  solu- 
tion. It  is  quite  another  matter  when  K  has  a  definite 
value,  f.  inst.  1,  as  it  is  closely  the  case,  when  bora- 


Fig.  6. 

cic  acid  combines  with  ammonia.  If  (n — 1)  equivalents 
of  acid  be  added  to  1  equivalent  of  ammonia,  then  1/n 
of  ammonia  will  always  remain  free,  because: 

1 )  (n  _i       n_J-\  I      n— -)a 

n  }(•  n'f  '          ~n' 

It  appears  that   if  one  equivalent  of  boracic  acid  is 
added,  then  the  half  of  the  base  is  free,  if  two  equiva- 
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lents  be  added  one  third  is  free,  and  if  ten  equivalents 
are  added  then  yet  one  eleventh  part  of  the  base  is  free. 
The  curve  representing  this  phenomenon,  the  upper 
curve  in  fig.  6  is  tangent  to  the  upper  end  of  the  line, 
which  represents  the  course  of  neutralisation  of  a  strong 
acid  -  and  on  the  other  hand  for  higher  additions  of 
acid  it  approaches  to  an  equilateral  hyperbola  (y  =  ^). 

As  before  said  this  last  mentioned  curve  gives  an 
almost  exact  representation  of  the  neutralisation  of  am- 
monia with  boracic  acid  (at  37°  C  in  a  solution  not  too 
concentrated).  If  the  action  of  ammonia  as  hiemolysin 
had  been  investigated,  then  ex  analogia  a  similar  spec- 
trum as  in  the  case  of  usual  toxin  or  tetanolysin  (fig. 
3)  had  been  made  and  the  following  conclusion  had 
been  drawn:  Boracic  acid  (antitoxin),  added  in  the  amount 
1  to  ammonia  neutralises  50%  of  this  base;  added  in 
the  amount  of  2  neutralises  66,7  %,  in  the  amount  of 
3  75  %  and  in  the  amount  of  4  80  %;  from  this  follows, 
that  whereas  for  each  time  the  respective  amounts  of 
toxin  50,  16,7,  8,3  and  5  %  are  neutralised  by  the  same 
amount  of  boracic  acid,  the  first  amount  of  ammonia 
neutralised  is  three  times  as  toxic  as  the  amount  neu- 
tralised next,  which  again  is  double  as  toxic  as  the  next 
amount;  the  latter  is  ll/z  times  more  toxic  than  the  fol- 
lowing etc.  In  other  terms  ammonia  is  no  simple  body, 
but  consists  of  several  components  of  different  toxicily 
(and  these  toxicities  are  in  simple  reciprocal  proporti- 
ons). Of  these  components  the  toxin  with  the  greatest 
chemical  affinity  is  first  neutralised1). 

A  similar  conclusion  has  been  drawn  in  the  case 
of  toxin,  and  the  toxin  first  neutralised  (the  strongest) 
has  been  called  proto-toxin,  the  next  deutero-toxin,  the 

!)  From   considerations,  which   can   hardly   he   maintained,  Danysz  (I.  c.)  has  put 
forwards  similar  objections. 
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next  trito-toxin  etc.  The  last  very  weak  toxins  were 
called  toxons. 

This  classification  arises  from  the  circumstance,  that 
the  investigation  of  the  first  examined  toxin,  that  of 
diphtheria,  presents  great  difficulties.  As  it  is  usually 
kept  in  solution,  it  deteriorates  comparatively  quickly, 
and  the  curve  of  neutralisation  of  such  a  deteriorated 
toxin  is  very  complicated.  Besides  the  prototoxin  which 
will  be  mentioned  below,  one  phenomenon  was  especi- 
ally conspicuous.  A  mixture  of  toxin  with  a  compara- 
tively great  amount  of  antitoxin,  injected  on  guinea- 
pigs,  showed  quite  special  effects:  paralysis  and  rapidly 
disappearing  oedema,  which  in  guinea-pigs  could  not  be 
produced  by  toxin  alone.  On  the  other  side  it  was  not 
possible,  even  when  large  amounts  were  injected,  by 
means  of  this  mixture  to  produce  the  typical  effect  of 
the  toxin:  acute  death  of  the  animal  in  a  few  days,  or 
a  necrosis  on  the  place  of  injection,  if  the  dosis  had 
not  been  great  enough  to  kill  the  animal. 

From  the  experiments  of  that  time  is  was  therefore 
an  obvious  conclusion,  that  these  two  actions  which 
differed  so  much  were  not  the  consequence  of  only  a 
quantitative  difference,  but  that  the  diphtheria  toxin 
really  contained  two  different  components,  the  toxin 
and  the  toxon. 

Still  the  examination  of  a  new  diphtheria  toxin1)  has 
recently  given  a  curve  of  neutralisation  quite  similar 
to  that  of  tetanolysin  and  it  is  of  special  importance, 
that  this  toxin  in  contrast  to  all  those  previously  exa- 
mined, produced  paralysis  quite  as  well,  when  it  is  in- 
jected alone  in  small  amounts,  as  when  its  "toxones" 
(mixtures  with  antitoxin)  are  injected.  We  are  therefore 
justified  in  concluding,  that  the  toxones  are  not  bodies, 

!)  Dreyer  and  Madsen:  Studies  on  diphtheria  toxin. 
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diilerent  from  the  toxins,  bill  thai  they  are  Ihe  same 
toxin,  diluted  in  diilerent  degrees,  the  combinations  of 
toxin  and  antitoxin  probably  having  no  action  at  all. 
With  this  we  are  far  from  maintaining,  that  all  toxins 
are  homogeneous.  On  the  contrary  certain  preparations 
of  diphtheria  toxin  give  a  curve  of  this  form1). 


Fig.  7. 

In  this  case  it  is  the  less  toxic  or  perhaps  the  quite 
atoxic  part  of  the  toxin,  which  is  first  neutralised  by 
antitoxin.  The  supposition  seems  necessary,  thas  this 
preparation  of  diphtheria  toxin  contains  two  elements, 
capable  of  fixing  the  antitoxin  and  of  which  the  one  with 
the  greatest  chemical  affinity  hardly  possesses  any  toxic 
properties  (Ehrlichs  proto-toxoid),  while  the  other  (Ihe 
toxin  s.s.),  allthough  chemically  weaker,  is  highly  toxic. 

A  somewhat  analogous  case  seems  to  be  that  of 
normal  serum,  described  above;  in  small  doses  this 
diminishes  the  toxic  effect  in  the  same  manner  as  other 
proteids,  in  greater  doses  it  has  a  similar  action  as  anti- 
toxin. The  most  simple  supposition  is,  that  in  the  nor- 

l)  Th.  Madsen:    Om  Difterigiflens  Konstitution.    Overs,  v.  D.  kgl.  Danske  Vidensk. 
Selskabs  Skrifter  1899. 
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mal  serum  containing  several  different  kinds  of  pro- 
teids,  is  also  present  a  little  amount  of  a  body  with 
neutralising  action  upon  tetanolysin,  while  the  usual 
proteids  only  to  a  certain  degree  decrease  the  action  of 
tetanolysin. 

In  the  case  of  chemical  processes  of  dissociation,  K 
is  changed  with  the  temperature  and  also  in  this  case 
the  decomposition  of  the  combination  toxin-antitoxin 
increases  with  increasing  temperature  as  in  most  of  the 
phenomena  of  dissociation.  By  means  of  a  quantitative 
investigation  of  this  change  it  is  possible  to  determine 
tlie  amonns  of  heat  (WJ  set  free,  when  a  grammolecule 
of  toxin  combines  with  a  grammolecule  of  antitoxin. 
For  this  the  formula  of  van't  Hoff  is  valid: 

d  log.  nat.  K  W 


dt  1,99  T2 

For  the  purpose  of  this  determination  experiments 
with  the  same  toxin  and  antitoxin  were  made  at  20° 
and  37°  C.  All  the  concentrations  used  at  the  low  tem- 
perature were  double  as  great  as  at  the  high  tempera- 
ture and  the  experiments  at  the  low  temperature  were 
undertaken  once  during  6  hours,  another  time  during 
7,5  hours,  while  the  test  tubes  at  the  high  temperature 
were  kept  a  37,2°  C.  for  only  one  hour  and  then  were 
put  into  the  ice  safe. 

As  the  experiments  give  good  illustrations  of  the 
exactitude,  which  can  be  obtained,  following  details 
shall  be  communicated.  The  series  of  experiments  at 
20°  C.  were  carried  out  with  solutions  of  toxin  which 
were  0,2%  and  2%,  and  which  per  cc.  contained  the 
following  amounts  of  a  V8o°/o  antitoxin  solution:  0,1, 
0,2,  0,4,  0,7  and  1  cc.  The  relative  toxicity  of  the  diffe- 
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rent  solutions,  containing  the  same  amount  of  toxin 
was  determined  through  the  comparison  of  the  concen- 
tration of  the  solutions,  which  had  effected  the  same 
degree  of  haemolysis;  the  toxicity  of  the  solution,  free 
of  antitoxin,  was  used  as  unit. 

In  the  following  table  under  the  heading  a  the 
amounts  of  antitoxin  added  are  indicated,  and  the  other 
headings  indicate  the  degree  of  colour  of  the  solution, 
used  for  the  comparison. 

Tab.  10. 

The  relative  toxicity  of  mixtures  of  toxin  and  antitoxin  at  .'57°  C. 

Experim.   1. 


a 

12 

9 

5 

4 

3 

Mean 

0 

1 

1 

1 

1 

1 

1 

0.1 

0.74 

0.84 

0.75 

0.61 

0.63 

0.71 

0.2 

0.48 

0.48 

0.49 

0.43 

0.43 

0.46 

0.4 

0.27 

0.256 

0.30 

0.28 

0.32 

0.29 

'      0.7 

0.19 

0.22 

0.23 

0.21 

0.23 

0.22 

1.0 

0.13 

0.13 

0.19 

0.17 

0.18 

0.16 

Tab.  10  a. 

Corresponding  experiment  at  37,5°  C. 
Experim.  2. 


a 

12 

9 

G 

5 

3 

Mean 

0 

1 

1 

1 

i 

1 

1 

0.1 

0.63 

0.63 

0.58 

0.50 

0.50 

0.57 

0.2 

0.50 

0.50 

0.50 

0.50 

0.46 

0.49 

0.4 

0.33 

0.33 

0.35 

0.32 

0.34 

0.33 

0.7 

0.23 

0.23 

0.25 

0.22 

020 

0.23 

1.0 

0.12 

0.13 

0.14 

0.17 

0.18 

0.15 
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Tab.  11. 

Corresponding  experiment  with  double  concentration  at  20°  C. 

Experim.  3. 


a 

18 

10 

7  ' 

5 

35 

Mean 

0 

1 

1 

1 

i 

1 

1 

0.1 

0.36 

0.46 

0.50 

0.53 

0.53 

0.48 

0.2 

0.17 

0.19 

0.20 

0.21 

0.28 

0.21 

0.4 

0.09 

0.11 

0.13 

0.13 

0.15 

0.12 

0.7 
1.0 

(0.042) 
(0.030) 

0.054 
(0.036) 

0.066 
0.040 

0.078 
0.042 

0.100 
0.048 

0.065 
0.040 

Table  11  a. 

Same  experiment  at  20°. 
Experim.  4. 


a 

1G 

12 

8 

6 

4 

Mean 

0 

1 

1 

1 

1 

1 

1 

0.1 

0.57 

0.43 

0.49 

0.50 

0.37 

0.47 

0.2 

0.42 

0.31 

0.42 

0.36 

0.25 

0.35 

0.4 

0.18 

0.14 

0.16 

0.19 

0.16 

0.17 

0.7 

0.054 

0.073 

0.072 

0.088 

0.075 

0.068 

1.0 

(0.025) 

(0.025) 

0.036 

0.036 

0.032 

0.031 

The  ciphers  betwen  brackets  are  extrapolated  by 
comparison  with  the  next  ciphers  in  the  table. 

It  appears  from  comparison  of  the  different  experi- 
ments, that  the  results  of  the  experiments  at  37°  C  show 
a  very  great  mutual  agreement,  when  we  except  the 
ciphers  for  0,1  antitoxin.  Thus  the  errors  of  experiment 
at  the  low  temperature  are  much  greater.  By  forma- 
tion of  new  means  the  following  values  of  x  are  ob- 
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tained,  besides  which  is  given  the  value  x  calc.,  which 
as  above  indicated  is  calculated  from  the  formula 

x  [np  -  (1-x)]  -  K  (I-*)' 

where  n  is  the  amount  of  antitoxin  (0,1 — 1,0)  and  x 
the  toxicity;  p  was  found  =  =  6,0.  K  at  37,25°  C  =  1,18, 
at  2Qo  C  =  o,25 

Table  12. 


x  accord,   to 

mean 

n. 

exp.  1 

exp.  2 

x  obs. 

x  ealc. 

0 

1 

1 

1 

1 

0,1 

0,71 

0,57 

0,64 

0,640 

0,2 

0,46 

0,49 

0,475 

0,477 

t  =    37,25 

0,4 

0,29 

0,33 

0,31 

0,319 

T  =  310,25 

0,7 

0,22 

0,23 

0,225 

0,214 

1,0 

0,16 

0,15 

0,165 

0,161 

0 

1 

1 

1 

1 

0,1 

0,48 

0,47 

0,475 

0,514 

0,2 

0,21 

0,35 

0,280 

0,276 

t  =  20,0 

0,4 

0,12 

0,17 

0,145 

0,128    ' 

T  =   29,3 

0,7 

0,050 

0,068 

0,067 

0,067 

1,0 

0,040 

0,031 

0,036 

0,045 

The  concordance  is  in  both  cases  very  good,  espe- 
cially at  the  high  temperature.  According  to  log.  nat. 
1,18  =  2,3025  .  0,0719  and  log.  nat.  0,25  =  2,3025  (0,3979—1) 
from  the  above  formula  the  following  value  of  W  is 
obtained 


W= 


2,3025(1,0719—0,3979) 


310,25  -  -  293 


L  .  293  .  310.25  . 1,99  =  6600  cal. 
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Through  the  combination  of  one  grammolecule  of 
tetanolysin  with  one  grammolecule  of  antitetanolysin 
is  thus  set  free  an  amount  of  heat  =  6600  cal.,  which 
cipher  probably  is  right  within  GOO  cal.  The  heat-reac- 
tion is  thus  rather  strong  from  a  chemical  point  of 
view,  the  heat  developed  being  about  the  half  of  that 
set  free  by  the  neutralisation  of  a  strong  acid  with  a 
strong  base  (13700  cal.  at  18°  C.). 

It  is  noticeable,  that  the  constant  in  the  above  equa- 
tion, which  from  experiments  from  may  1900  was  found 
0,115  at  37°  C,  now  the  first  of  July  1902  had  a  value, 
ten  times  as  great,  1,18  at  37,25°  (corresponding  to  1,15 
at  37°).  The  power  of  the  toxin  to  combine  with  anti- 
toxin has  thus  considerably  decreased  during  2  years. 
Most  probably  it  is  the  toxin,  which  has  changed.  Ac- 
cording to  the  experiments  from  may  1900  2  cc.  of  a 
2%  tetanolysin  solution  were  then  equivalent  to  0,276 
cc.  of  a  Y40°/o  solution  of  antitoxin.  According  to  the 
experiments  from  year  1902  2  cc.  of  a  2%  tetanolysin 
solution  were  equivalent  to  one  sixth  of  two  cc.  V8o°/o 
antitoxin  solution,  that  is  --2cc.  2%  tetanolysin  solu- 
tion were  equivalent  to  0,167  cc.  V4o°/o  antitoxin.  The 
power  possessed  by  this  preparation  of  tetanolysin  of 
fixing  antitoxin  has  during  these  two  years  decreased 
to  six  tenth  of  its  value  in  1900.  It  seems  very  impro- 
bable, that  the  power  of  the  antitoxin  has  increased; 
it  is  much  more  likely,  that  it  has  kept  constant.  It 
must  therefore  be  supposed,  that  the  tetanolysin  has 
become  considerably  weaker  during  these  two  years 
owing  to  that  about  40%  of  the  molecules  of  toxin 
have  been  decomposed.  The  remaining  molecules  of 
toxin  have  also  changed,  so  that  the  constant  K  increa- 
sed to  ten  times  as  much;  still  this  change  is  not  very 
essential,  as  it  corresponds  to  the  change  of  the  toxin, 
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arising  from  an  increase  of  temperature  of  26°  C.  Be- 
sides the  haemolytic  power  of  the  toxin  has  decreased 
during  the  same  time,  so  that  in  1902  a  dose  about 
three  times  as  great  as  that  required  in  1900,  was  neces- 
sary to  produce  a  certain  degree  of  haemolysis. 

As  it  was  of  interest  to  compare  this  decrease  with 
that,  which  occurs  much  quicker  in  solution,  especially 
if  this  is  diluted,  experiments  were  undertaken  to  com- 
pare the  strength  of  fresh  toxin  with  that  of  an  older 
one,  which  had  been  kept  in  solution  during  4 — 5  days. 
The  latter  solution  was  2%  and  made  by  mixing 
several  older  ones  together.  From  standing  at  20°  C. 
(temperature  of  the  room)  the  toxicity  of  the  solution 
had  decreased  to  about  l/6  of  the  original  strength,  it 
had  thus  decreased  about  double  as  much  as  the  solid 
tetanolysin  during  two  years. 

The  experiments  were  rendered  very  difficult  for  this 
reason,  that  the  blood  corpuscles  in  this  solution  of 
lysin  turned  violet,  indicating  commencing  putrefaction. 
The  experiments  with  fresh  toxin  gave  the  same  results 
as  those  just  mentioned  (at  37°),  allowing  for  errors  of 
experiment.  The  blood  was  diluted  with  0,85%  NaCl 
solution. 

The  experiments  with  old  lysin  gave  the  following  re- 
sults (the  table  is  arranged  as  the  previous  ones).  The  indi- 
ces of  x  signify  the  degree  of  colour,  used  for  comparison. 

Although  the  colour  was  not  very  suitable  for  the 
comparison,  the  result  agreed  very  well  with  the  cal- 
culation, which  gave  p  =  =  6  and  K  •  1,74. 

The  fact  that  p  has  the  same  value  as  in  the  case 
of  fresh  tetanolysin  shows,  that  in  this  case  (in  contrast 
with  the  preceding,  where  tetanolysin  was  kept  dry) 
no  antitoxin  fixing  molecules  of  toxin  have  been  decom- 
posed. Still  the  haemolysing  power  of  the  toxin  has 
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Table  18.     The  action  of  old  tetanolvsine. 


11 

Xl5 

Xio 

XG 

X  obs. 

X  calc. 

0 

1 

1 

1 

1 

1 

0.05 

0.81 

0.76 

0.80 

0.79 

0.79 

0.1 

0.57 

0.67 

0.68 

0.64 

0.67 

0.2 

0.50 

0.57 

0.68 

0.58 

0.53 

0.3 

0.36 

0.35 

0.47 

0.40 

0.44 

0.5 

?) 

0.85 

0.36 

0.35 

0.33 

1.0 

!> 

0.19 

0.22 

0.20 

0.21 

decreased  to  about  one  sixth,  which  shows  that  a  trans- 
formation of  the  molecules  of  toxin  has  taken  place. 
This  probably  depends  on  a  very  little  change  of  the 
molecules  of  toxin,  perhaps  a  transformation  to  a  meta- 
meric  compound,  less  toxic.  To  examine  this  an  in- 
vestigation of  the  time,  taken  by  this  process  in  the 
case  of  toxins  of  different  concentrations  would  be  of 
great  interest. 

By  this  transformation  the  constant  of  dissociation, 
K  has  only  been  influenced  to  -a  small  extent,  having 
increased  from  1,18  to  1,74,  viz.  by  about  50%.  This 
circumstance  brings  about,  that  by  the  same  amount 
of  antitoxin  the  toxicity  of  the  old  tetanolysin  is  not 
diminished  in  the  same  proportion  by  the  same  amount 
of  antitoxin  as  the  fresh  tetanolysin.  According  to  the 
calculated  ciphers,  without  doubt  much  less  faulty  than 
those  directly  observed,  the  toxicity  of  fresh  and  old  lysin 
with  the  following  additions  of  antitoxin  -  -  is  diminis- 
hed to  the  values  indicated  in  the  second  and  third 
columns  (Tp.  37°  C.). 
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Tab.  14. 
Comparison  of  old  and  fresh  tetanolysin. 


n 

X 

(fresh  lysin) 

X 

(old  lysin) 

diff. 
in  percent 

0 

1 

1 

0,0 

0,1 

0,640 

0,674 

5,3 

0,2 

0,477 

0,528 

10,7 

0,4 

0,319 

0,378 

18,5 

0,7 

0,214 

0,2(59 

25,7 

1,0 

0,161 

0,209 

28,5 

If  we,  according  to  the  usual  view  (Ehrlich),  try  to  ex- 
plain the  decrease  of  the  toxicity  of  tetanolysin  through 
the  supposition,  that  the  toxin  is  to  a  certain  extent  (in 
this  case  to  5/6)  transformed  to  an  atoxic  body  (proto- 
toxoid),  it  seems  to  he  an  obvious  explanation  of  this 
fact,  that  the  proto-toxoid  has  a  greater  affinity  to  the 
antitoxin  than  the  toxin  itself.  In  this  supposition  a 
greater  percentage  of  the  proto-toxoid  is  fixed  to  begin 
with  than  later  on.  In  the  present  case  the  difference  of 
K  for  fresh  and  old  lysin  is  certainly  not  especially  great, 
but  in  other  cases  this  difference  might  be  very  pronoun- 
ced, so  that  it  for  this  reason  might  seem  necessary  to  sup- 
pose the  formation  of  a  proto-toxoid.  An  analysis  such 
as  that  above  for  tetanolysin  will  show,  if  the  supposi- 
tion is  necessary  or  not. 

As  above  indicated  the  toxin  does  not  combine  im- 
mediately with  antitoxin,  but  this  phenomenon  is 
especially  obvious,  when  the  amount  of  antitoxin  is 
great,  as  appears  from  the  following  experiment.1)  The 
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result  is  given  in  the  table  below,  indicating  bow 
many  cc.  of  the  mixture,  -  -  containing  per  cc.  1  milli- 
gram of  lysin  and  n  parts  '/40%  antitoxin  --  are  neces- 
sary to  produce  a  certain  degree  of  haemolysis  (7).  It 
appears  from  the  table  that  the  amount  necessary  (the 
'•toxic  quantity")  increases  with  the  time,  which  elapsed 
after  the  mixture  of  toxin  and  antitoxin,  kept  at  20°  C. 


11 

minutes 

10 

20 

30 

(iO 

120 

240 

1440 

0 

0.23 

0.23 

0.23 

« 

n 

0.1 

0.33 

0.33 

0.33 

a 

0.33 

» 

'» 

0.2 

0.50 

0.57 

0.67 

0.67 

0.67 

„ 

„ 

o..-) 

1.6 

2.0 

2.0 

2.3 

2.3 

n 

9.0 

1.0 

1.7 

2.4 

3.8 

3.5 

4.5 

5.0 

» 

1.3 

2.0 

2.6 

3.2 

7.3 

5.6 

6.4 

„ 

1.6 

2.3 

3.3 

3.7 

5.4 

5.8 

7.0 

i) 

2.0 

2.5 

3.0 

4.2 

5.4 

7.0 

<).0 

n 

It  appears  from  these  ciphers,  that  the  toxicity  of  the 
toxin-antitoxin  mixture  continually  decreases  with  the 
time.  In  the  case  of  mixtures,  containing  small  amounts 
of  antitoxin  (n=0.1)  this  decrease  --  that  is  the  from  the 
table  apparent  increase  of  the  ''toxic  quantity"  viz.  the  dose, 
necessary  to  produce  the  given  degree  of  haemolysis  - 
seems  to  have  finished  even  before  the  first  time  of  ob- 
servation viz.  10  minutes  after  the  mixture.  At  the  time 
0  all  the  experiments  ought  to  give  the  same  value, 
viz.  0,23. 

In  the  case  of  greater  additions  of  antitoxin  (n=0,5) 
the  dose  necessary  increases  rapidly  with  the  time  within 
the  observed  interval  of  time  —  with  about  50  %  between 
the  time  t  10  and  t  =  =  GO.  (It  probably  depends  on 
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errors  of  experiment,  that  the  ciphers  in  the  case  n  = 
0,2  increase  so  much  with  the  time  after  10  min.)  The  ob- 
servation after  24  hours  (t==1440)  shows  that  after  the 
decrease  just  mentioned  a  continual  decrease  takes  place, 
caused  by  the  transformation  of  the  lysin.  It  is  there- 
fore necessary  not  to  use  too  long  times  of  observation 
if  the  process  here  examined  is  not  to  be  interfered 
with  through  a  deterioration  of  the  toxin  itself.  The  ex- 
periments with  n  --  f  0.1  and  0.2  show  that  this  does 
not  take  place,  if  the  time  be  limited  to  120  minutes. 
The  greater  the  addition  of  antitoxin,  the  greater  is  the 
relative  increase  for  the  toxic  quantity  necessary  within 
the  specified  space  of  time. 

A  new  series  of  experiments  was  undertaken  at  con- 
stant temperatures  (6°  C  and  24.5°  C)  and  the  time  for 
the  experiments  was  limited  to  125  minutes  at  the  low 
temperature  and  50  minutes  at  the  high.  The  amount 
of  antitoxin  added  was  taken  from  the  interval  1.0  —  2.0, 
which  had  shown  the  smallest  variations. 

According  to  the  above  equation  of  equilibrium  be- 
tween toxin,  antitoxin  and  toxin  combined  it  seemed 
probable,  that  the  velocity  of  reaction  could  be  expres- 
sed by  the  following  formula. 

=  K!  (A  -  x)  (B  -  x)  -  K2  x* 

where  A  and  B  stand  for  the  amounts  of  toxin  and  an- 
titoxin added  in  the  beginning,  and  x  signifies  the  amounts 
of  these  bodies,  which  are  combined  together.  Kj  :  K2 
should  then  be  of  equal  value  to  the  dissociation  con- 
stant K,  calculated  from  the  above  experiments.  But  it 
appeared  to  be  quite  impossible  to  include  the  experi- 
ments in  this  formula,  and  the  problem  was  therefore 
treated  quite  empirically.  A  practical  limit  (I)  for  the  reac- 
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tion  was  found  by  allowing  it  to  continue  for  a  long 
lime  (400  to  450  minutes);  a  moderate  equalization  is 
applied  lo  these  values. 

For  the  calculation  of  the  amounts  A  and  B  this  limit 
was  taken  as  point  0  and  the  velocity  of  reaction  deter- 
mined according  lo  the  formula. 

^        K  (A  -  -  x)  a  (B  -     x)  b 

a  and  b  being  exponents,  the  values  of  which  were 
determined  from  Ihe  experiments.  The  toxicity  at  the 
time  0,  viz.  that  of  pure  tetanolysin  was  put  like  84.3, 
0.3  cc.  of  this  solution  being  necessary  to  produce  the 
given  htemolysis  (7),  when  the  experiments  had  been 
kept  at  37°  C  during  1  hour  (2,5  °/0  blood).  The  toxicity 
of  all  the  solutions  used  for  the  experiments  has  been 
determined  in  this  way.  In  the  next  tables  the  toxicity 
(A  -  x)  has  been  calculated  from  the  supposed  equili- 
brium (I)  taken  as  zero,  viz:  if  this  (I)  for  instance  corre- 
sponds to  the  toxicity  1,  then  A  —  x  ==  7  signifies,  that 
the  toxicity,  really  observed  was  8,  that  is  that  1.  43  cc. 
of  the  solution  in  question  was  necessary  to  produce 
the  given  haemolysis.  Still  this  mode  of  calculation  is 
not  applied  lo  the  ciphers  observed  in  the  case  of  the 
longest  time  of  reaclion,  which  were  exclusively  used 
for  the  determination  of  I. 

The  calculated  figures   are  found   under  the  suppo- 
sition a  -  -  2,  and  b  ==  0,  viz.  that  the  differentialequation 
for  the  velocity  of  reaction  had  this  form: 
d\ 

W    i  A  i-  \2 

l\    (A    —     X  ;•* 

dt 


or  integrated: 


1_     _  K  a    -  n 

•.r  \       *  1  / 
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Change  of  the  toxicity  with  the  time  of  6°  C. 


Tab.  16. 


n 

0 

10 

20 

30 

55 

125 

400 

I 

1.0 

32.8 

7.5 

4.5 

11 

2.8 

1.1 

1.5 

1.5 

1.3 

33.2 

6.1 

4.9 

)1 

2.3 

1.3 

1.2 

1.1 

1.6 

33.5 

7.0 

5.2 

3.1 

2.2 

1.5 

1.0 

0.8 

2.0 

33.7 

7.1 

3.9 

3.1 

2.0 

1.3 

0.6 

0.6 

Mean 

33.3 

6.9 

4.6 

3.1 

2.4 

1.3 

Calc, 

33.3 

7.4 

4.2 

2.9 

1.6 

0.8 

In  the  present  case  K  was  put  0,  0  104  expressed 
by  the  above  indicated  arbitrary  unit  for  the  amount 
of  toxin,  the  unit  of  time  was  1  minute. 

When  the  observations  at  24.5°  are  treated  in  the  same 
manner,  the  following  results  are  obtained. 

A — x0  varying  between  32,8  and  33,9  being  relatively 
great,  ^—^  becomes  so  small  a  figure,  that  it  without 
recognizable  error  can  be  considered  as  constant  in  all 
four  series.  It  follows  from  this,  that  all  values  of  xt 
must  also  be  almost  constant;  the  same  applies  to  all 

The  change  of  the  toxicity  with  the  time  at  24.5°  C. 

Tab.  17. 


n 

0 

10 

20 

30 

50 

180 

450 

I 

1.0 

33.3 

2.0 

1.3 

0.8 

0.5 

0.1 

1.1 

1.0 

1.3 

33.5 

2.1 

1.2 

0.7 

0.5 

0.1 

0.8 

0.8 

1.6 

33.7 

2.0 

1.2 

0.7 

0.5 

0.2 

0.8 

0.6 

2.0 

33.9 

1.8 

1.0 

0.8 

0.6 

0.3 

0.6 

0.4 

Mean 

33.6 

2.0 

1.2 

0.75 

0.5 

0.2 

Calc. 

(33.6) 

2.1 

1.1 

0.72 

0.48 

0.13 
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values  of  x2  and  so  on.  The  above  tables  show  this 
also  to  be  the  case,  allowing  for  errors  of  experiment. 
And  it  is  caused  by  this  circumstance,  that  the  difie- 
rentialequation  for  the  velocity  of  reaction  has  obtained 
the  form,  indicated  above. 

In  the  later  series  K  stands  for  =  =  0,045.  It  follows 
from  this  that  with  an  increase  of  the  temperature  of 
18,0°  C  K  increases  in  the  proportion  1:4,3.  This  cor- 
responds to  an  increase  of  K  in  the  proportion  1:2,2 
with  an  increase  of  temperature  of  10°  C. 

The  variation  with  the  temperature  of  this  velocity 
of  reaction  is  thus  of  the  same  magnitude  as  that  of 
the  other  velocities  of  reaction,  dealt  with  above,  as 
well  as  of  the  velocity  of  chemical  processes  generally. 

Although  the  above  equation  is  exceedingly  simple 
and  of  a  quite  empiric  nature  it  shows  at  24,5°  (the 
temperature  of  the  room  during  the  experiment)  an 
excellent  agreement  between  calculation  and  observa- 
tion. At  6°  they  do  not  agree  so  well;  the  velocity  ot 
reaction  seems  to  decrease  to  some  extent  with  the 
increase  of  time.  This  is  probably  owing  to  the  tem- 
perature of  the  ice  safe  not  having  been  completely 
constant --it  varied  rather  irregularly  between  4,5°  and 
7,0°  C  during  the  lime  of  experiment  Besides  it  is  prac- 
tically impossible  to  avoid  heating  the  solutions  while 
handling  them,  this  caused  the  velocity  of  reaction  to 
be  greater  at  the  beginning  than  later  on. 

It  may  also  be  thai  the  empiric  relation  is  not  valid 
with  the  same  exactitude  for  this  long  times  of  reaction 
(I  125  min). 

At  all  event  this  relation  is  very  curious  from  a 
chemical  point  of  view  and  it  is  rather  useful  for  prac- 
tical purposes.  The  most  curious  thing  about  it  is,  that 
it  is  true  of  the  reaction  from  the  very  beginning, 
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although  at  the  beginning  of  the  experiments  them- 
selves three  quarts  of  the  reacting  amounts  are  trans- 
formed. 

From  a  theoretical  point  of  view  the  above  relation 
indicates,  that  during  the  action  of  toxin  upon  antitoxin 
two  molecules  of  the  former  attack  an  exceedingly  small 
fraction  of  the  latter  (according  to  the  formula  o).  The 
last  mentioned  circumstance  could  be  explained  thus, 
that  the  molecules  of  antitoxin  are  to  a  very  great  ex- 
tent composed  of  great  aggregates  of  molecules,  which 
do  not  to  an  appreciable  degree  react  with  the  toxin. 
The  molecules  of  toxin  should  then  combine  with  onlv 
a  very  small  part,  y,  of  the  molecules  of  antitoxin,  this 
being  in  chemical  equilibrium  to  the  other  according 
to  the  formula 

y°  =  =  (B  -  -  x  -  -  y) 
or 

1 
y  =  =  (B  -  -  x  -  -  y)  n 

in  which  n  is  a  very  great  tigure. 

On  the  other  hand  from  the  equilibrium,  mentioned 
above,  the  conclusion  was  drawn,  that  during  the  reac- 
tion between  toxin  and  antitoxin  one  molecule  of  the 
former  combines  with  one  molecule  of  the  latter  for- 
ming two  molecules  of  combination.  This  conclusion, 
which  is  based  upon  the  mechanical  theory  of  heat,  is 
undoubtly  much  more  probable  than  the  latter,  based 
upon  kinetical  views.  It  must  be  remembered,  that 
this  is  not  the  first  time,  velocities  of  reaction  behave 
differently  from  what  we  should  expect  from  the  che- 
mical formula  of  reaction. 

The  equation  given  above  is  still  of  so  peculiar  a 
form  that  a  thorough  investigation  of  its  signification 
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would  probably  be  of  great  interest.  Something  analo- 
gous to  the  combination  between  an  acid  and  a  base 
cannot  of  course  be  expected  for  the  reason  that  the 
combination  between  these  bodies  takes  place  so  quickly 
that  it  is  impossible  to  follow  the  course  of  time  taken 
bv  the  reaction. 


IV. 

SVANTE  ARRHENIUS  AND  THORVALD  MADSEN 

ON  THE  MOLECULAR  WEIGHT  OF  DIPHTHERIA  TOXIN. 
A  PRELIMINARY  NOTE. 


The    preparations   of  toxin    and   antitoxin    hitherto 
produced  have  been  far  from  pure,  so  that  it  is 
impossible  to  indicate  their  composition  and  especi- 
ally their  percentage  of  active  bodies.    Under  such  cir- 
cumstances we  cannot  at  present  hope   to  obtain   any 
idea  of  the  molecular  size  of  the  active  bodies  by  means 
of  direct  methods,  as  determination  of  the  freezing  or 
boiling  point  or  of  the  vapour-pressure  of  solutions  of 
toxins  and  antitoxins. 

We  have  therefore  tried  how  far  we  could  get  by  means 
of  an  indirect  method.  By  studying  the  diffusion  of  the  bo- 
dies in  question  we  are  able  to  obtain  some  knowleadge 
of  their  molecular  weight.  The  velocity  of  diffusion  of 
gases  through  a  porous  wall  being  inversely  proportionate 
to  the  square  root  of  their  molecular  weight,  Pickering 
tried  if  the  same  would  not  be  the  case  for  fluids  dif- 
fusing in  water.  From  his  values  that  differ  very  much 
from  those  of  other  authors  he  concluded,  that  the  dissol- 
ved molecules  do  not  behave  as  gas-molecules.  Notwith- 
standing, this  rule  that  the  velocity  of  hydrodiffusion 
is  in  inverse  proportion  to  the  square  root  of  the  mole- 
cular weight,  has  later  on  been  tested  by  Hiifner  and 
Euler,  and  has  been  found  right  as  regards  the  main 
points;  still  it  does  not  apply  to  ions.  It  k  denotes  the 
velocity  of  diffusion,  m  the  molecular  weight,  then  at 
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12°  C  the  product  k  y/m~  is  5.4  (mean  value  for  cane  sugar 
5.3,  mannite  5.4,  citric  acid  5.7,  tartari  cacid  5.4,  ethyl  alco- 
hol 5.0  and  ammonia  5.8). 

We  have  therefore  compared  the  velocity  of  diffusion 
of  diphtheria  toxin  and  some  other  bodies  with  a  sub- 
stance of  a  well  determined  molecular  weight  and  from 
these  facts  we  tried  to  get  an  approximate  value  of  the 
constant  of  diffusion  of  diphtheria  toxin. 

As  we  supposed  this  to  be  very  small  we  considered 
a  long  time  of  diffusion  to  be  necessary;  as  besides 
the  specific  weight  of  the  solutions  does  not  perceptibly 
vary  with  the  percentage  of  toxin  which  they  contain, 
it  was  impossible  to  employ  the  usual  method:  to  let 
them  diffuse  in  their  ordinary  vehicle  of  solution,  the 
water.  We  therefore  have  permitted  them  to  diffuse  in 
solutions  of  gelatine. 

A  5  %  solution  of  french  gelatine  was  prepared, 
neutralised  with  soda  and  sterilised;  of  this  solution 
15  cc.  were  poured  into  sterilised  test  lubes,  whereby 
a  gelatine  pillar  about  10  cc.  high  was  obtained.  The 
test  tubes  were  put  into  an  ice  safe  in  a  vertical  posi- 
tion and  allowed  to  get  stiff.  Then  2  cc.  of  an  aqueous 
solution  of  the  body  to  be  examined  was  poured  by 
means  of  a  pipette  over  the  gelatine  pillar  and  the  tube 
was  closed  with  a  sterilised  cork.  It  was  thereafter  al- 
lowed to  stand  in  the  ice  safe  for  a  certain  time,  during 
which  the  diffusion  was  going  on.  After  this  time  the  lest 
tube  was  taken  up,  the  fluid  covering  the  gelatine  re- 
moved, and  the  tube  over  the  gelatine  quickly  washed 
with  distilled  water.  The  tube  was  cautiously  crushed 
and  the  surrounding  glass  thus  removed  from  the  gela- 
tine pillar.  This  was  then  cut  to  pieces  of  a  certain 
length,  whose  weight  was  found.  The  toxicily  of  the 
lluid  above  and  of  the  pieces  was  found  by  means  of 
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animal  experimentation.  As  a  comparison  experiments 
were  made  with  solutions  of  sodium  chloride,  which 
were  titrated. 

In  the  case  of  1  n  sodium  chloride  at  6°  C  we  found 
in  this  way  the  coefficient  of  diffusion  0,95,  while  this 
according  to  Graham  ought  to  be  0,801  and  according 
to  Oeholm  0.75.  Our  value  is  thus  26.6%  to  great.  This 
arises  from  the  mode  of  experimentation,  the  fluid 
covering  the  gelatine  pillar  being  throughout  of  a  simi- 
lar concentration,  while  this  in  the  case  of  the  usual 
mode  of  experimentation  should  be  smallest  where  it 
touches  the  gelatine  pillar.  Also  the  presence  of  gelatine 
effects  some  deviation  from  the  usual  course  of  dif- 
fusion. As  easily  will  be  seen  the  correction  is  ever 
the  same,  if  the  diffusion  has  preceded  to  the  same  de- 
gree. In  different  cases  the  correction  must  only  differ 
but  very  little,  we  therefore  calculate  the  velocity  of  dif- 
fusion in  pure  water  from  the  value  found  after  the 
related  method  by  dividing  this  value  with  1.266. 

On  the  other  side  the  velocity  of  diffusion  increases 
with  the  temperature  with  about  l/so  of  its  value  at 
12°  C.  for  every  degree.  The  velocity  of  diffusion  is 
therefore  1.25  times  as  great  at  12°  C.  as  at  6°  C.,  the 
temperature  of  the  ice  safe.  The  velocity  of  diffusion 
in  water  at  12°  C.  is  therefore  1.25:1.266  =  0.986  times 
greater  as  the  determined  value. 

In  the  case  of  experiments  with  diphtheria  toxin  the 
height  of  the  fluid  covering  the  gelatine  was  1.3  cm.  and 
the  pieces  into  which  the  gelatine  pillar  was  divided 
were  of  a  similar  height. 

The  dosis  minima  lethalis  for  guinea-pigs  of  250 
grains  weight  was  determined  for  the  original  toxin  and 
for  the  contents  of  the  test  tube;  (he  following  results 
were  obtained: 
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Dosis  minima  lethalis  Toxicity 

The  original  diphtheria  toxin          0,0027  cc.  370 

The  fluid  covering  the  gelatine       0,004  250 

The  upper  solid  layer                       0,01  100 

The  second                                          0,048  21 

The  third                                             2,0  0,5 

The  layers  below  where  not  toxic  at  all.  The  fluid 
was  covered  with  a  thin  stratum  of  mould,  which 
would  seem  not  to  have  affected  it  in  any  way. 

The  toxicity  of  the  above  dosis  minima  lethalis  can 
be  calculated  by  simply  taking  their  reciprocal  values. 
The  sum  total  of  the  toxicity  of  all  the  layers  examined 
is  371.5,  which  is  the  same  as  the  toxicity  of  the  origi- 
nal diphtheria  toxin,  allowing  for  errors  of  experiment. 
It  appears  from  this  that  no  change  has  taken  place 
in  the  diffused  toxin  neither  through  the  mould,  nor 
the  gelatine,  nor  through  the  deterioration  owing  to 
time  or  any  other  circumstance. 

Similar  experiments  were  undertaken  with  diph- 
theria-antitoxin, tetanolysin  and  antitelanolysin;  and  from 
these  experiments  the  following  constants  of  diffusion 
were  calculated: 

Diphtheria-toxin         K  ==  0,0142 

Diphtheria-antitoxin  K  =  0,00149 

Tetanolysin  K  ==  0,();!(i(i 

Antitetanolysin  K  =  0,00205 

It  appears  that  the  constants  of  diffusion  for  the  two 
antitoxins  are  much  smaller  than  those  of  the  toxins, 
indicating  that  the  molecular  weights  of  the  antitoxins 
are  very  much  greater  than  in  the  case  of  toxins.  This 
quite  corresponds  to  our  present  ideas  about  the  rela- 
tive size  of  these  bodies. 

While  the  above  constants  of  diffusion  give  a  re- 
presentation of  the  velocity  of  diffusion  of  the  bodies 
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in  question,  these  constants  could  hardly  with  our 
present  knowledge  be  used  for  an  exact  determination 
of  their  molecular  weight.  In  the  mentioned  equation 
K  yin  =  =  5,4,  5,4  is  really  no  constant,  but  increases  for 
decreasing  molecular  weight  (or  rather,  when  the  mole- 
cules become  less  complicated).  According  to  Euler  in 
the  case  ofCla  this  value  is  10,2.  But  when  a  thorough 
investigation  of  the  signification  of  the  constant  of  dif- 
sion  for  bodies  with  a  high  molecular  weight  has  been 
made  the  mentioned  method  probably  will  be  usefull 
in  the  case  of  toxins  and  antitoxins. 


—  7 


V. 


GEORGES  DREYER  AND  THORVALD  MADSEN 

STUDIES  ON  DIPHTHERIA  TOXIN. 


In  some  former  papers  dealing  with  the  study  of 
diphtheria  toxins  derived  from  various  strains  of 

bacilli,  we  have  considered  the  relation  of  toxin  to 
antitoxin. 

During  the  continuation  of  these  researches  we  have 
met  with  a  toxin,  that  is  both  very  remarkable  and  in 
many  ways  very  different  to  the  toxins  examined  be- 
fore by  Ehrlich  and  Madsen. 

Although  the  experiments  in  connection  with  the 
thorough  analysis  of  this  toxin  are  not  yet  completed, 
we  think  it  of  interest  to  communicate  some  of  the  re- 
sults at  the  present  time,  since  they  are  quite  in  ac- 
cordance with  those  obtained  in  the  investigations  on 
Tetanolysin  mentioned  in  the  preceding  paper. 

The  toxin  was  obtained  in  the  following  way:  20 
litres  of  bouillon,  prepared  according  to  the  directions 
of  Dean,  were  inoculated  with  a  strain  of  diphtheria 
culture  Park  &  Williams  (No.  8)  given  to  us  by  Dean. 
After  inoculation  the  bouillon  was  left  in  the  incubator 
at  .%°  for  a  period  of  fourteen  days  (15/1Q— 28/io  1901).  The 
culture  was  then  removed  from  the  incubator,  filtered 
through  ordinary  filter  paper,  bottled  with  a  covering 
of  Toluol  and  shaken  daily  for  a  fortnight.  At  the  end 
of  this  time  the  toxin  was  quite  clear  and  sterile  and 
has  so  remained. 

The  toxin  proved  to  be  very  strong.  From  numer- 
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ous  experiments  on  guinea-pigs  of  250  Grs.  weight,  the 
minimal  lethal  dose  was  found  to  be  0.0015  i.  e.  guinea- 
pigs  of  the  above  weight  were  killed  with  certainty  within 
4—6  days  by  the  injection  of  this  amount  of  toxin. 

Besides  this  the  value  of  Lf  and  L0  were  found 
by  means  of  Ehrlich's  test  serum  to  be:  Lf  =  0.2  and  L0 
ca.  0.05. 

The  determination  of  L0  for  this  toxin  was  much 
more  difficult  than  for  any  other  previously  examined, 
therefore  the  value  0.05  must  be  regarded  as  rather 
arbitrary. 

In  considering  the  above  values  for  minimal  lethal 
dose,  Lf  and  L0,  it  will  be  noticed  that  the  Lf  is  four 
times  the  L0  and  that  the  Lf  and  L0  respectively  contain 
183  and  33  minimal  lethal  doses.  These  constants  are 
entirely  different  to  any  that  have  been  determined  be- 
fore for  any  other  toxin. 

For  making  the  "spectrum"  in  the  manner  directed 
by  Ehrlich,  by  partial  saturation  of  the  given  quantity 
of  toxin  with  antitoxin,  0.1  Cc.  was  chosen  as  the  most 
convenient  quantity  of  toxin  for  the  purpose.  As  anti- 
toxins the  following  were  used:  1)  a  real  antitoxin  i.  e. 
Ehrlich's  test  serum  and  2)  the  normal  serum  from  a 
non-immunised  horse. 

Much  trouble  has  been  taken  to  find  out  the  history 
of  this  horse,  so  that  it  should  be  as  far  as  possible 
quite  certain  that  it  had  never  been  in  contact  with 
Diphtheria  or  been  used  for  the  production  of  diph- 
theria antitoxin. 

The  results  obtained  are  represented  by  two  curves, 
the  dotted  line  indicates  the  curve  obtained  by  the  use 
of  the  test  serum  and  the  unbroken  line  that  of  the 
serum  from  the  normal  horse. 

It  will  be  seen  that  there  is  a  very  striking  resem- 


blance  between  these  two  curves,  but  on  the  other  hand 
that  they  are  very  different  to  those  found  for  the  other 
toxins  before  examined,  especially  in  the  absence  of  a 
marked  prototoxin  zone. 

It  must  be  taken  into  consideration  that  the  minimal 
lethal  dose  (T)  was  at  the  time  of  the  first  examination 
0.0015  Cc.  and  at  the  present  moment  is  0.0027  Cc. 

In  looking  at  the  curves  it  will  be  observed  that 
there  is  a  tendency  to  flatness  in  the  upper  portion. 
This  seems  to  indicate  that  a  formation  of  prototoxoids 
was  probably  taking  place  at  the  time  of  the  examin- 
ation of  the  toxin.  We  have  therefore  postponed  giving 
a  detailed  account  of  the  experiments  until  the  curves 
had  been  examined  again  and  at  a  time  when  it  could 
be  supposed  that  the  formation  of  prototoxoid  had  ad- 
vanced to  a  considerable  degree. 

One  fact  of  great  interest  in  connection  with  this 
toxin  is,  that  contrary  to  all  others  previously  examined 
it  produced  paralysis  in  guinea-pigs  both  after  the  in- 
jection of  a  non  lethal  dose  of  pure  toxin  and  after  a 
toxin-antitoxin  mixture. 

The  above  mentioned  curves  are  closely  analogous 
to  those  described  in  the  preceding  paper  on  Tetano- 
lysin.  We  have  thus  been  fortunate  enough  to  find  and 
to  examine  a  diphtheria  toxin  in  a  state  well  suited  for 
a  thorough  analysis. 

The  details  of  this  will  be  published  as  soon  as  our 
experiments  have  been  completed. 
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AXEL  J0RGENSEN  AND  THORVALD  MADSEN 

THE  FATE  OF  TYPHOID  AND  CHOLERA  AGGLUTININS 
DURING  ACTIVE  AND  PASSIVE  IMMUNISATION 


A 


mong  the  means  we  have  at  our  disposal  lor  the 
study  of  the  nature  of  the  immunity,  comparatively 
little  attention  is  paid  to  the  investigation  of  the 
increase  and  the  decrease  of  antibodies  during  different 
modes  of  immunisation.  From  different  points  of  view 
this  is  rather  curious.  From  a  theoretical  one,  because 
the  study  of  this  phenomenon  seems  to  give  valuable 
information  about  what  is  going  on  in  the  organism 
during  the  immunisation;  from  a  practical  point  of 
view,  because  under  the  immense  production  of  anti- 
toxic sera,  which  is  now  going  on  the  whole  world 
over,  it  is  of  great  economical  interest  to  know  as 
exactly  as  possible,  at  what  moment  the  highest 
amount  of  antibody  may  be  expected.  It  is  a  well 
known  fact,  that  Brieger  and  Ehrlich1)  showed  the  way 
by  their  demonstration  of  the  undulatory  course  of  the 
antitoxin  in  the  case  of  a  goat,  immunised  against  te- 
tanus. In  a  more  extensive  series  of  experiments  Salo- 
monsen  and  Madsen3)  thereafter  showed  that  pheno- 
mena quite  analogous  occurred  in  the  case  of  horses 

!)  Brieger  und  Ehrlich:     Bcilriige    zur    Kenntniss  der    Milch   immunisirler  Thierc. 

Zeitschr.  f.  Hygiene  etc.  XIII.  1893. 

'-)  Salomonsen  et  Madsen:     Kecherches    sur    la    niarche    de    1'imniunisation   active 
centre  la  diphtcrie  I.  Annales  de  1'Instilut  Pasteur  1897. 
II.  1899. 

Om  Forskelligheder   i  Serums    antidiphtheriske    Styrke    hos    aktivt 
i in mun isercde  Heste.  N'ordisk  Mcd.  Arkiv  1897.  Festhand  for  Axel  Key. 
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immunised  against  diphtheria  toxin,  and  Dean')  got 
similar  results.  The  third  research  on  these  lines  was 
made  by  Morgenroth2),  who  showed  that  the  rcnnin 
immunisation  followed  an  nndnlatory  course  like  that 
of  diphtheria  and  tetanus.  Later  on  Bulloch3)  demon- 
strated, that  in  the  case  of  the  haemolvsins  similar 

*> 

phenomena  occurred.  The  last  antibody  drawn  under 
this  kind  of  experiments  is  that  of  botulismus,  studied 
by  Forssman  and  Lundstrem4),  who  found  the  anti- 
botulismus  curve  very  like  that  of  diphtheria  and  teta- 
nus antitoxin. 

The  difficulties  in  procuring  an  extensive  and  reliable 
material  are  mainly  caused  by  the  necessity  of  deter- 
mining the  antibodies  by  means  of  animal  experimen- 
tation. For  our  investigations  we  therefore  searched  for 
such  antibodies,  the  testing  of  which  could  readily  be 
performed  in  test  tubes  and  found  the  agglutinins  very 
suitable  for  this  purpose. 

The  following  experiments  are  made  with  typhoid 
and  cholera  agglntinin  and  can  be  classified  into  three 
groups.  In  the  first  is  treated  the  production  of  agglu- 
tinin  during  various  kinds  of  active  immunisation;  in 
the  second  the  fate  of  agglutinins,  introduced  in  the 
organism  (passive  immunisation).  At  last  we  have  ex- 
amined how  an  animal  passively  immunised  reacts 
during  attempts  on  active  immunisation. 


!)  George  Dean:  Problems  of  diphtheria  immunity.  Transact  of  the  Pathol.  Society 
of  London.  1900. 

2)  J.  Morgenroth:     Ueber  den  Antikorper  des  Labcnzyms.  Centralhlatt  f.  Bad.  elc. 
XXVI.  1899. 

3)  William  Bulloch:    On  the  nature  of  ha-molysis  and  its  relation  to  bacteriolysis. 
Transact,  of  the  Pathol.  Society  of  London.  1901. 

4)  Forssman  et  Lundstr0m:  Sur  la  marche  de  la  courbe  d'antitoxine  dans  1'immu- 
nisation  active  centre  le  botulisme.  Annalcs  de  1'Institut  Pasteur  1902. 
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THE  MODE  OF  PROCEEDING. 

As  none  of  the  earlier  methods  was  exact  enough 
for  our  purpose,  we  performed  the  testing  of  the  agglu- 
tinating power  by  the  macroscopic  precipitation  in  test 
tubes  in  the  following  manner. 

The  culture  of  Bacillus  typhosns,  which  served  for 
all  our  experiments,  had  been  cultivated  on  artificial 
media  in  the  laboratory  for  several  years  and  was  only 
slightly  virulent.  5  cc.  of  a  24h  broth  culture  injected 
on  rabbits,  and  KM)  cc.  injected  on  goats,  produced  only 
a  very  slight  illness,  but  was  not  at  all  able  to  kill  the 
animals.  A  very  light  and  clear  broth  was  used  for 
the  culture,  which  was  left  18 — 24  hours  in  the  incu- 
bator. It  was  then  carefully  examined  as  regards  infec- 
tion with  other  microbes,  and  afterwards  formaldehyd 
'°  '/.-)  °/oo  was  added.  This  made  it  possible  to  keep  the 
culture  in  uncovered  test  tubes  for  some  hours  at  37° 
without  being  contaminated. 

A  large  series  of  test  tubes  was  filled  with  exactly 
the  same  quantity  of  this  fluid.  For  our  first  experi- 
ments 10  cc.  were  used,  but  it  was  often  found  more 
practical  to  take  only  1,5  cc.  in  thin  test  tubes  (11  X  70 
mm.),  especially  when  only  small  quantities  of  serum 
were  at  our  disposal. 

When  we  had  to  lest  and  compare  the  agglutinating 
power  of  for  instance  12  different  sera,  then  for  each 
test  a  series  of  such  tubes  was  used  and  decreasing 
amounts  of  the  serum  were  distributed  among  them. 
The  tubes  from  all  12  tests  having  been  thoroughly 
shaked  were  at  the  same  time  placed  alltogcther  in  an 
Oslwald  water  incubator  at  37°  for  about  ll/z  hour, 
then  at  once  taken  out  and  examined. 

If  suitable  doses  of  serum  were  chosen,  each  series 
will  show  a  continuous  scale  of  clarification,  from  com- 
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pletc  precipitation  in  the  k\sl  lul)es  with  the  greatest 
amount  of  serum,  through  decreasing  agglutination  with 
finer  and  finer  clumps  until  no  agglutination  at  all  can 
be  observed.  A  test  tube,  with  a  not  too  advanced  agglu- 
tination, will  easily  be  distinguished  from  its  neighbours 
through  the  size  of  its  clumps.  Such  a  test  tube  was 
taken  out  and  as  quickly  as  possible  used  for  the  deter- 
mination of  the  tube  in  each  of  the  other  series  which 
showed  the  corresponding  degree  of  agglutination. 

That,  which  was  obtained  in  this  way,  was  the 
relation  between  the  agglutinating  power  of  the  sera  to 
be  tested,  and  just  this  relation  was  of  importance  for 
the  following  experiments.  A  control  was  usually  made 
by  repeating  the  comparison  with  another  test  tube 
containing  a  litte  more  agglutinin. 

This  way  of  determination  is  based  upon  a  similar 
principle  as  the  colorimetric  method,  used  for  measu- 
ring hsemolytic  toxins1).  By  some  practise  rather  exact 
results  are  easily  obtained. 

The  most  convenient  way  to  determine  the  amount 
of  agglutinin  would  be  to  keep  the  test  tubes  at  exactly 
87"  for  just  the  same  time  and  always  use  the  same 
degree  of  clarification  as  a  standard.  But  as  the  con- 
ditions for  the  agglutination  depend  upon  many  cir- 
cumstances which  cannot  be  regulated,  it  was  found 
more  practical  to  have  a  standard  agglutinin  and  always 
use  the  same  dose  of  it  for  the  test. 

The  following  example  will  give  the  best  idea  of  the 
mode  of  proceeding. 

A  rabbit,  treated  with  increasing  doses  of  B.  typhos. 
culture,  got  on  the  23/y  an  injection  of  such  a  culture 
and  the  following  days  until  the  33/4  the  variations  of 
agglutinin  in  its  serum  had  to  be  examined.  12  sam- 
ples of  blood  were  taken. 

i)  Th.  Madsen:  Ueber  Tetanolysin.  Zeitschr.  f.  Hygiene  etc.  XXXII.  1899. 
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Standard  Serum.                                        Serum  from  the 

'l'lll)e  Tube                 an/     an  I     !/     3/     5;     7;     9;     n/      15/     is/     2l/ 

No.  No.                         '3        /a      /4      '4      /4      14      /4        ,'4        /4        /4        / 

1)  0,1  1)    0,02  - 

2)  0,08  2)    0,017  - 

3)  0,0(5  3)    0,013  — 


I^-fc 

4)  0,05  =  *  4)    0.01  - 

5)  0,04  =  .  (?  5)    0,008 
(5)    0,035  6)    0,000 
7)    0,03  7)    (),( 


8)    0,025  8)  0,004  -  —  *- 

Sti    0,02  9)  0,0035  -  — J1- 

10)    0,017  10)  0,003  - 

11)0  (control)         11)  0,0025  - 

12)  0,002  — 


13)  0,0017  - 

14)  0,0013  - 

15)  0,001 


For  testing  the  standard  serum  10  tubes  were  used, 
to  which  was  added  from  0,1  cc.  to  0,017  cc.  serum. 
For  the  testing  of  each  of  the  other  sera  15  tubes  were 
used  containing  from  0,02  to  0,001  cc.  Having  been 
kept  in  the  incubator  for  l]/2  hour  at  the  same  lime 
all  the  series  were  taken  out,  and  lube  no.  5  of  the 
standard  serum  series  (containing  0,04  cc.)  was  used 
for  the  testing  (in  the  table  indicated  c?j.  Its  degree  of 
clarification  was  found  lying  between  that  of  no.  5  and 
no.  6  of  the  serum  39/3.  near  up  to  no.  6,  and  it  was 
judged  to  correspond  almost  to  the  action  of  0,0065  cc. 
The  serum  3%  was  exactly  like  a9/3,  but  the  Y4  was 
stronger,  as  0,005  cc.  of  this  corresponded  to  0,04  cc. 
of  the  standard  serum  etc.  Afterwards  tube  no.  4  of 
the  standard  serum  (0,05  cc.)  was  used  for  the  testing 
(*),  and  the  corresponding  degree  of  agglutination  deter- 
mined for  all  the  samples. 
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For  the  purpose  of  making  the  following  experiments 
more  conspicuous,  the  action  of  the  agglulinin  is  not 
indicated  by  the  doses  themselves,  but  by  their  reci- 
procal values,  as  it  is  usual  in  the  standardising  ot 
diphtheria  antitoxin.  For  the  agglutinin  we  have  thus 
introduced  a  unit,  which  is  quite  arbitrary  and  only 
of  value  for  the  comparison  of  our  experiments. 

The  above  example  therefore  is  to  set  up  in  the 
following  scheme. 


Serum  from 
the 

0,04  cc.  of  the 
standard  serum 

recipr. 
value 

0,05  cc.  of  the 
standard  serum 
* 

recipr 
value 

29/3 

0,0065  cc. 

154 

0,0085  CC. 

118 

3% 

0,0065    „ 

154 

0,0085    „ 

118 

3/4 

0,005      „ 

200 

0,0057    „ 

176 

14 

0,0035    „ 

286 

0,004      „ 

250 

5A 

0,0025    „ 

400 

0,003      „ 

333 

T/4 

0,002      „ 

500 

0,0026    „ 

385 

•'/ 
/4 

0,003      „ 

333 

0.0032    .. 

313 

ll/ 
/4 

0,0033    „ 

303 

0,0037    „ 

270 

16/ 

/4 

0,004      „ 

250 

0,005      „ 

200 

18  / 
/4 

0,0046    „ 

217 

0,0057    „ 

175 

21/4 

0,0056    .. 

179 

0,0081    „ 

124 

23/4 

0,007      „ 

143 

0,011      ?, 

91 

The  sum  total  of  the  results  of  such  series  of  lesls 
is  rendered  most  plain  when  plotted  out  on  paper  in 
the  form  of  a  curve.  As  abscissa  is  marked  out  the 
day,  upon  which  the  serum  was  taken,  and  as  ordina- 
te  is  indicated  the  agglutinin  units  pr.  cc.  of  the  serum. 

The  result  of  the  experiment  mentioned  above  is  re- 
presented on  curve  No.  1.  This  is  one  of  the  first  under- 
taken; with  some  practise  more  exact  figures  can  be 
obtained. 
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The  experiments  with  Vibrio  cholerae  were  undertaken 
in  quite  analogous  manner,  the  only  exception  being  that 
to  each  tube  of  culture  0,8  cc.  ascites  fluid  was  added. 


ACTIVE  IMMUNISATION. 

The  object  for  our  first  experiments  was  to  examine 
the  oscillations  in  agglutinating  power  which  occurred 


570 
IN 


a* 
37J 
3M 


tfy  &    n    **    tf    t* 

Curve  No.  2a 


in  the  serum  of  actively  immunised  animals  after  a  single 
large  injection  of  a  fresh  culture  of  Bacillus  typhosus  resp. 
Vibrio  cholerae. 

Rabbits  and  goats  were  used,  which  were  previously 
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inimunisedwith  24h — 48h  cultures  in  small  and  increasing 
doses;  the  former  intraperjtonealty,  the  latter  subcuta- 
neously.  During  the  experiments  small  amounts  of 
blood  were  withdrawn  from  the  ear  vein  of  the  rabbits 
and  the  jugular  vein  of  the  goats. 

Of  such  experiments  a  great  number  was  made  which 
gave  very  uniform  results.  Examples  are  indicated  on 
the  curves  1 — 4. 

*,  ,,„„„„„  „  „  „  „  .„»..,  „  „  ,„  Curve  No.  2a  re- 

presents a  goat 
which  during  se- 
veral years  had 
been  immunised 
with  B.  typhos  cul- 
tures. On  the  Y5 
1900,  when  the  ag- 
glutinating power 
of  the  serum  was 
33,  100  cc  24h  B. 
typhos.  culture 
were  injected.  The 
next  day  showed 
a  decrease  to  22, 
but  on  the  follo- 
wing days  an  in- 
crease first  slow 
and  then  rapid 
was  observed,  un- 


Curve No.  2b 


til  the    maximum 
was    reached    the 

9th    day  after  the  injection;  thereafter   a  continual    fall 
occurred. 

For  the  next  experiment  (curve  3)  served  a  goat,  im- 
munised with  Vb.  cholerae  cultures,  whose  agglutinating 
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power  at  the  beginning  of  the  experiment  was  4.  After 
an  injection  of  40  cc.  48h  culture  of  Vb.  chol..  a  curve' 
was  noticed  quite  similar  to  the  above  mentioned.  Af- 
ter a  very  insignificant  fall  on  the  first  day  the  climax 
was  rapidly  reached  on  the  8th  day,  followed  by  a 
decrease,  which  was  at  first  very  sudden  and  afterwards 
more  gradual. 

In  curve  No.  4  is  introduced  a  new  species,  the  rabbit. 

During  the  5  weeks,  preceeding  the  experiment,  the 
three  rabbits  I,  II  and  III  had  been  immunised  in  exactly 
the  same  manner  at  the  same  time  with  the  same  doses 
of  B.  typhos.  culture.  On  the  29/3  the  agglutinating  power 
of  rabbit  I  was  154,  of  rabbit  II  40  and  of  rabbit  III  7,7. 
On  the  said  day  1  cc.  24h  B.  typhos.  culture  was  injec- 
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ted  into  each  of  the  animals; 
the  following  curves  were 
the  above  mentioned 


...TV 


like 

so  far  as  a  short  period 
without  any  perceptible 
change  of  the  agglutinating 
power  was  succeeded  by 
a  rise,  the  maximum  of 
which  occurred  on  the  8th 
-l()th  day. 

A  great  number  of  simi- 
lar experiments,  made  un- 
der corresponding  circum- 
stances, have  given  quite 
analogous  results. 

We  are  here  in  accor- 
dance with  other  investiga- 
tors, who  have  found  the 
highest  agglutinating  power 
10—13  days  after  the  injec- 
tion of  culture.  It  is  for  in- 
stance stated  by  Deutsch1), 
that  both  the  preventive 
and  the  agglutinating  power 
of  guinea-pigs,  immunised 
against  B.  typhosus,  incre- 
ased from  the  4th  day  after 
the  injection,  reached  the 
maximum  on  the  l()th — 12th 


1)    Ladislas    Deutsch:      Contribution     a 
1'ctude    dc     1'origine     des    anticorps    " 
typhiques.    Annales  de  1'Instilut  Pa-    "!$££ 
stem-  189'J. 
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day  and  then  slowly  decreased.  Similar  observations 
are  made  by  Durham  and  Neisser. 

The  leading  features  of  this  agglutinin  curves  are 
thus  very  like  those  earlier  observed  for  the  other  an- 
tibodies, mentioned  in  the  introduction,  and  those  descri- 
bed by  Levin  in  the  following  paper  in  the  case  of 
immunisation  against  B.  coli. 

The  fluctuations  during  the  production  of  a  series  of 
antibodies  have  now  been  examined,  viz  the  tetanus, 
diphtheria  and  botulismus  antitoxin,  rennin  antitoxin, 
the  hsemolysins,  typhoid,  cholera  and  coli  agglutinin, 
and  upon  different  animals,  horses,  goats,  rabbits  and 
guinea-pigs.  Among  the  great  variations  in  the  immu- 
nisation against  these  very  different  toxic  matters,  it 
seems  possible  to  pick  out  a  rule  with  a  rather  general 
applicability,  viz.  that  the  course  of  the  immunisation 
has  the  same  type,  as  was  found  by  Brieger  and  Ehrlich 
in  their  first  experiments  with  tetanus. 

It  might  then  be  the  most  practical  way  to  attack 
the  problems  involved  in  the  production  of  the  anti- 
bodies from  a  thorough  study  of  for  instance  the  agglu- 
tinins,  which  can  so  readily  and  accurately  be  measured 
in  test  tubes  alone,  and  from  such  facts  proceed  to  the 
study  of  other  antibodies. 

The  agglutinin  curves  seem  to  be  most  like  those 
observed  in  the  case  of  diphtheria  antitoxin.  In  the  com- 
parison of  their  details  the  following  is  to  be  noticed. 
The  fall,  which  is  always  very  pronounced  after  an 
injection  of  diphtheria  toxin,  is  very  insignificant  in  the 
agglutinin  curves  and  often  not  at  all  to  be  demonstrated. 
The  second  phase  on  the  contrary  corresponds  in  the 
two  cases;  and  the  maximum  occurs  at  the  same  time, 
about  the  9th  day  after  the  injection.  A  few  times  th is 
was  observed  as  early  as  the  7th  day,  some  times  this 
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was  retarded  until  the  13th  day,  approaching  what  is 
the  ease  in  tetanus  and  botulismus. 

The  curve  had  often  a  very  acute  angular  form  in- 
dicating that  the  amount  of  agglutinin  was  rapidly 
increasing  during  a  very  short  lime,  for  instance  arise 
was  observed  from  8  to  16,000,  from  40  to  1820  etc., 
and  then  the  amount  fell  down  again  just  as  rapidly, 
so  that  the  initial  ordinate  of  the  curve  was  reached 
again  a  few  weeks  after  the  injection. 

Under  these  investigations  the  individual  differences 
in  the  animals,  which  alway  occur  in  the  immunity 
studies,  were  met  with. 

An  especially  striking  example  is  given  by  the  three 
rabbits,  represented  on  curve  No.  4.  After  quite  a  uni- 
form treatment  during  5  weeks,  the  agglutinating  power 
of  No.  I  was  154,  of  No.  II  40  and  of  No.  Ill  8.  An 
equal  amount  of  B.  typhos.  culture  as  used  before  now 
produced  such  different  fluctuations,  that  No.  I  reached 
:>()<),  No.  II  1820  and  No.  Ill  30:  yet  the  type  of  the 
curve  was  equal  for  them  all,  the  maximum  being  reached 
nearly  the  same  day.  As  a  sign  of  the  irregularities, 
met  with,  it  may  be  noticed,  that  it  was  not  No.  I  (the 
animal  which  possessed  the  greatest  amount  of  agglu- 
tinin at  the  beginning  of  the  experiment)  but  No.  II, 
the  curve  of  which  was  so  much  higher  than  the  others. 

It  might  be  of  some  interest  to  remember  these  facts 
under  the  endeavour  to  draw  the  agglutinin  producing 
qualities  into  the  means  of  distinguishing  the  different 
bacilli  of  the  typhoid-  coli  group. 

Two  things  must  be  considered.  1)  The  regular 
fluctuations  of  the  agglutinin  curve,  2)  The  different 
individuality  of  the  animals. 

During  the  immunisation  of  horses  against  diphlhe- 
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ria  toxin  was  observed1),  that  in  repeating  the  injection 
of  the  same  dose  of  toxin  on  the  same  animal,  smaller 
and  smaller  oscillations  were  obtained.  Sometimes  we 
got  similar  results  for  the  agglutinins,  at  is  seen  from 
curve  No.  2,  where  the  second  injection  of  100  cc.  cul- 
ture produced  a  much  smaller  increase  of  agglutinin 
than  the  first  injection.  On  the  contrary,  curve  No.  4 
indicates  the  quite  different  manner  of  reaction  of  the 
rabbits  I  and  III.  While  the  second  injection  of  2  cc. 
culture  in  No.  I  produced  a  much  smaller  oscillation 
than  the  first  (1  cc.),  the  case  was  found  entirely  I  lie 
reverse  in  No.  III. 

The  above  demonstrated  course  of  immunisation  con- 
cerns animals,  which  were  previously  actively  immuni- 
sed, but  exactly  the  same  will  be  the  case  for  quite 
fresh  animals,  never  treated  before.  Owing  to  the  fain! 
virulence  of  our  B.  typhos.  culture  it  is  easily  done  to 
introduce  comparatively  large  doses  of  it  in  fresh  rab- 
bits or  goats,  and  the  following  agglulinin  curve  differs 
in  no  respects  from  those  observed  in  actively  immu- 
nised animals.  Sometimes  a  very  considerable  quantity 
of  agglutinin  may  be  obtained  after  a  single  injection. 
Curve  No.  5  indicates  such  a  case,  where  a  goat  after 
an  injection  of  20  cc.  24h  B.  typhos.  culture  showed 
an  increase  of  agglutinin  from  0  to  1666(1 

The  proceeding  hitherto  used,  viz.  the  introduction 
at  once  of  a  great  amount  of  culture  into  the  organism 
is  very  unlike  what  is  probably  the  case  under  an  in- 
fections disease,  for  instance  typhoid  fever.  Such  cir- 
cumstances are  perhaps  a  little  better  reproduced  in 
the  following  arrangement  of  the  experiment.  Instead 

!)  Salomonsen  et   Madsen :    Recherches    sur    la    marche    de    I'iinmiinisation    active 
centre  la  diphterie.  II. 

Annales  de  1'Inslitut  Pasleur  1899. 
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Curve  No.  5 

of  injecting  a  single  large  dose  of  culture,  a  compara- 
tively little  quantity  of  a  2/ih  culture  was  injected  daily 
during  a  longer  period.  Examples  are  given  in  the  cur- 
ves 2  and  3. 

The  goat,  referred  to  in  curve  2,  showed  a  slow 
decrease  in  agglutinating  power  during  the  months, 
following  after  the  last  injection  of  B.  typhos.  culture 
on  the  4/8;  at  about  40  equilibrium  occurred.  From  the 
8/12  to  the31/135  cc.  of  a  24h  B.  typhos  culture  was  daily 
injected  on  the  animal,  alltogether  120  cc.  Its  state  of 
health  seemed  not  to  be  influenced  upon  under  this 
treatment.  During  the  first  5  days  the  agglutinin  remai- 
ned in  the  previous  plan  of  equilibrium,  but  then  increa- 
sed rapidly  to  555  on  the  27/i2-  From  this  day  a  conside- 
rable fall  occurred  in  spite  of  the  injections,  which  were 
still  going  on  during  the  3  following  days  until  the  3l/n. 

On  curve  3  is  given  an  analogous  experiment  with  Vb. 
chol.  culture,  and  quite  correspondent  results  were  found. 
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This  experiment  is  still  more  striking  than  the  precedent, 
as  the  injections  were  continued  18  days  after  the  maxi- 
mum was  reached.  It  is  of  interest  to  notice  the  almost 
critical  fall  in  the  24  hours  after  the  acme,  during  which 
the  agglutinating  power  of  the  serum  decreased  from 
250  to  90.  The  interpretation  of  this  phenomenon  will 
later  on  be  given. 

The  last  mentioned  curve  resembles  the  similar  ex- 
periments with  diphtheria  toxin  in  horses,  which  were 
undertaken  by  Salomonsen  and  Madsen1).  This  was 
the  case,  although  these  injections,  due  to  practical  pur- 
poses, were  only  continued  for  about  8  days. 


PASSIVE  IMMUNISATION. 

The  chief  object  for  our  experiments  was  to  examine 
the  fate  of  the  agglutinins,  introduced  into  the  circula- 
tion. The  serum  of  the  animals  was  previously  tested 
for  normal  agglutinating  power;  then  the  injection  of 
the  agglutinin  was  made,  in  the  case  of  goats  into  the 
jugular  vein,  in  the  case  of  rabbits  into  the  ear  vein; 
the  animals  were  allowed  to  run  around  for  a  few 
minutes  and  the  first  sample  of  blood  after  the  injec- 
tion was  drawn  from  the  other  jugular  vein,  resp.  ear 
vein. 

As  examples  of  the  experiments  the  following  may 
be  quoted: 

A  fresh  goat  got  on  the  18/4  an  injection  into  the 
jugular  vein  of  200  cc.  cholera-agglulinin  from  goat. 
The  agglutinating  power  of  the  serum,  which  was  0 
before  the  injection,  was  immediately  thereafter  11,1. 
As  curve  No.  6a  indicates,  the  agglutinin  fell  in  the  first 


Recherches    sur    la    marche    dc    I'immunisation    active    centre    la    diphtcrie.    II. 
Ann.  de  1'Inst.  Pasteur  IN!)!). 
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days  rapidly,  later  more  gradually  and  on  the  19/5,  one 
month  after  the  injection,  the  blood  possessed  no  more 
agglutinating  property. 

After  the  injection  of  400  cc.  typhoid  agglutinin  (from 
goat)  on  another  normal  goat  results  quite  analogous 
were  obtained  (curve  No.  7). 

It  appears  from  curve  8,  that  a  rabbit,  A,  after  an  in- 
travenous injection  of  10  cc.  typhoid  agglutinin  (from 
rabbit)  showed  a  rise  in  agglutinin  from  0  to  62,5.  Al- 
ready on  the  following  day  the  strenght  had  fallen  down 
to  about  the  half  amount,  36,  and  the  fall  was  con- 
tinued during  the  following  days. 

Injection  of  100  cc.  of  the  same  serum  on  rabbit  B 
increased  the  agglutinating  power  of  its  blood  from  0 
to  91.  The  following  fall  was  still  more  rapid  viz.  to 
37  in  the  succeeding  24  hours,  but  got  more  and  more 
gradual,  and  one  month  later,  the  8/6,  all  agglulinin  had 
disappeared. 

It  is  thus  apparent  that  the  general  features  of  the  ag- 
glutinin curve  are  the  same  for  goats,  injected  with  goat 
serum,  as  for  rabbits,  injected  with  rabbit  serum.  Now  it 
was  of  interest  to  see,  //'  the  agglntinins,  produced  in  dif- 
ferent species,  were  identical  or  not.  To  settle  this  question, 
the  agglutinin  curve  was  examined  in  animals,  on  which 
agglutinin  from  another  species  was  injected. 

Curve  No.  9  represents  2  rabbits  and  3  cats,  which 
got  an  injection  of  10—12,5  cc.  typhoid  agglutinin  from 
goat.  One  rabbit  and  one  cat  died  the  next  day  under 
a  sudden  fall  of  agglutinin,  these  animals  being  not  able 
to  stand  greater  quantities  of  foreign  sera.  It  appears 
from  the  3  other  experiments,  that  both  in  the  cat  and 
in  the  rabbit  all  agglutinin  had  entirely  disappeared 
within  5—6  days  after  the  injection. 
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tinating  power  of  equal  strength  immediately  after  the 
injection. 

Curve  No.  lOa  concerns  4  rabbits  of  about  the  same 
size  (2000—2320  gr.).  Rabbit  *  and  T  got  each  12,5  cc. 
typhoid  agglutinin  from  rabbit,  p  and  ?,  each  5  cc.  ty- 
phoid agglutinin  from  goat.  Preceding  experiments  had 
shown,  that  these  5  cc.  goat  serum  contained  exactly 
the  same  agglutinating  power  as  the  12.5  cc.  rabbit 
serum,  and  as  it  appears  from  the  curve  the  4  rabbits 
from  0  reached  about  the  same  point,  a  37,  •(  and  5 
33,2,  and  p  28,5.  The  rabbits  «  and  y,  which  had  both 
got  rabbit  serum,  kept  their  agglutinin  for  a  compa- 
ratively long  time  30  and  38  days. 

The  other  two  animals  p  and  ?  on  the  contrary,  which 
were  injected  with  goat  serum,  had  already  lost  their 
agglutinin  on  the  9th  resp.  to  the  16th  day. 

This  makes  it  probable  that  the  typhoid  agglutinins 
from  goat  and  rabbit  are  different. 

From  these  experiments  it  seemed  at  first  justifiable 
to  conclude  that  we  had  to  deal  with  a  law  by  which 
it  appeared,  that  the  agglutinins  of  animals  of  one  spe- 
cies always  acted  as  foreign  matters,  when  introduced 
into  the  fluids  of  another  species  and,  as  such,  at  once 
rapidly  disappeared,  whereas  the  agglutinin  from  an 
animal  of  the  same  species  was  partly  retained  for  a 
comparatively  long  time.  As  it  is  well  known  this  view 
was  put  forward  by  Behring  some  years  ago  concerning 
the  antitoxins. 

In  the  case  of  agglutinins  this  supposition  must  be 
abandoned  in  the  light  of  further  experimentation.  For 
this  served  4  goats,  (curve  No.  lOb).  On  the  19/6  ^vas 
introduced  intravenously  on  goat  II  14  cc.  typhoid  agglu- 
tinin (from  goal)  and  on  goat  I  35  cc.  typhoid  agglu- 
tinin (from  rabbit). 
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These  two  doses  contained  exactly  the  same  amount 
of  agglutinin.  On  the  24/e  goat  III  got  20  cc.  of  the  same 
rabbit  serum  and  No.  IV  7  cc.  of  the  same  goal  serum. 
Before  the  experiment  slight  traces  of  agglutinating  power 
could  scarcely  be  demonstrated  in  the  serum  of  No.  I 
and  II,  while  No.  Ill  and  IV  had  a  little  more,  viz.  0,3 
and  2.  It  appears,  that  after  the  injection  the  serum  of 
No.  I  and  II  reached  exactly  the  same  amount  of  agglu- 
tinin, 8,  and  that  the  curves  thereafter  were  running 
quite  parallel  during  47  days,  when  the  blood  still  con- 
tained recognizable  quantities  of  agglutinin.  As  to  the 
other  two  animals  corresponding  results  were  obtained. 
No.  IV  died  on  the  17th  day  of  an  accidental  infection, 
when  its  serum  had  a  strength  of  18  and  No.  Ill,  injected 
with  rabbit  serum  showed  increased  agglutinin  reaction 
14  days  after  the  injection. 

The  last  series  of  experiments  makes  it  clear,  that 
the  fate  of  the  agglutinin  from  rabbits  and  goats  is  quite 
identical,  when  introduced  into  the  fluids  of  goat  in 
corresponding  quantities,  but  that  quite  other  phenomena 
occur  in  the  organism  of  rabbits.  Thus  it  is  not  pos- 
sible to  set  up  a  general  law  for  the  fate  of  the  agglu- 
tinin of  one  species  within  the  fluids  of  another,  but 
each  single  case  requires  a  special  examination. 

The  disappearance  of  the  agglutinins  from  the  organism, 
on  which  they  are  injected,  is  very  like  that  of  the  te- 
tanus- and  diphtheria  antitoxin,  as  it  is  found  by  several 
investigators  (Behring,  Bomstein,  Bulloch). 


It  is  not  easy  to  decide  if  the  agglutinins  may  be 
considered  as  simply  diluted  in  the  blood,  into  which 
they  are  introduced.  One  of  the  difficulties  is  the  exact 
determination  of  the  quantity  of  blood  in  the  animal 
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experimented    on.     Another  is  the  varying    indications 
for  the  percentage  of  serum  in  the  blood. 

In  the  following  table  is  collected  those  experiments, 
where  the  agglutinating  power  of  the  serum  is  examined 
shortly  after  the  injection.  The  quantity  of  blood  is 
judged  '/is  °f  the  weight  of  the  animal,  and  the  amount 
of  serum  of  the  blood. 
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For  instance,  the  weight  of  the  goat  mentioned  on 
curve  No.  7,  was  22,5  Ko.,  therefore  the  quantity  of  blood 
was  estimated  to  y)3,  viz.  2500  or,  and  its  serum  2/3  of 
that,  viz.  1667  cc.  400  cc.  typhoid  serum  were  injected, 
and  thus  the  vasculatory  system  contained  altogether  2067 
cc.  of  serum.  As  1  cc.  of  the  injected  serum  had  an 
agglutinating  power  of  200,  and  the  blood  having  a 
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normal  agglutinating  power  of  12,5  pr.  cc.  (total  20838), 
these  2067  cc.  of  serum  contained  100838  units,  and  one 
1  cc.  should  after  the  calculation  have  48,8,  while  the 
experiment  gave  50. 

It  appears  from  the  table,  that  the  calculated  values  as  a 
rule  correspond  very  well  to  those  observed.  That  the 
latter  generally  are  somewhat  lower  is  probably  due  to 
the  circumstance,  that  the  samples  of  blood  could  not 
always  be  taken  immediately  after  the  injection.  This 
concerns  especially  the  rabbits,  where  the  bleeding  al- 
ways takes  some  time,  in  which  the  rapid  decrease  of 
agglutinating  power  will  be  noticeable. 

The  typhoid  and  cholera  agglutinins  may  thus  be 
considered  as  simply  diluted  in  the  blood  of  the  ani- 
mal, into  which  they  are  injected. 


After  the  separate  examination  of  active  and  pas- 
sive immunisation  we  proceeded  to  study  a  combina- 
tion of  both. 

The  first  experiment  in  that  way  concerned  the  goat, 
which  is  mentioned  on  curve  No.  6.  The  agglutinating 
power  of  the  blood,  completely  disappeared  on  the  19/5, 
was  again  increased  on  the  VG  by  means  of  an  injection 
of  200  cc.  cholera  agglutinin  from  goat.  On  the  3/G,  when 
the  agglutinating  faculty  had  decreased  to  2.8,  75  cc. 
48h  culture  of  Vb.  cholerae  was  injected.  In  a  fresh 
animal  this  injection  had  invariably  produced  the  curve, 
which  is  typical  for  the  active  immunisation ;  but  in  this 
case  no  change  at  all  took  place,  and  the  agglutinin  con- 
tinued a  gradual  decrease  during  the  following  days. 

The  object  of  the  next  experiments  was  to  demon- 
strate, that  the  nature  of  the  employed  agglutinin  had 
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nothing  to  say  in  this  respect.  They  were  undertaken 
at  the  animals  mentioned  on  curve  No.  10.  The  rab- 
bits T  and  8,  which  had  reached  exactly  the  same  agglu- 
tinating power  after  injection  of  respectively  rabbit 
and  goat  serum,  got  both  on  the  31/G  5  cc.  of  a  24h  ciil- 
lure  of  B.  typhos.  It  is  evident,  that  the  agglutinating 
curves  were  not  in  the  least  influenced,  but  continued 
in  quite  the  same  way  as  those  of  the  two  other  rab- 
bits «  and  ?,  on  which  no  culture  had  been  injected. 

Quite  corresponding  results  were  obtained  from  the  ex- 
periments on  goats  (curve  No.  lOb).  Having  received  the 
same  quantity  of  rabbit  and  goat  serum  the  goats  I  and  II 
showed  the  same  agglutinating  power  (8).  As  it  appears 
from  the  curve  the  injection  of  40  cc.  of  a  24h  culture  of 
typhoid  fever  bacilli  produced  not  the  slightest  deviation 
of  the  curve. 

Amongst  the  other  experiments  only  the  following 
need  to  be  quoted.  On  the  30/5  rabbit  B,  curve  No. 
8,  had  fallen  down  to  12.  On  this  date  5  cc.  24h  B. 
typhos.  culture  were  injected  and  produced  no  reaction 
at  all:  the  curve  continued  its  fall  without  interruption. 
To  make  sure,  that  this  was  not  due  to  a  special  indi- 
vidual absence  of  agglutin  producing  faculty  in  the  rab- 
bit in  question,  we  waited  until  its  serum  for  about  2 
weeks  had  given  no  agglutinating  reaction  at  all,  and 
then  a  new  injection  of  quite  the  same  dose  of  culture 
was  given.  This  time  was  observed  a  well  marked  reaction 
of  the  same  character  as  that,  which  was  usually  found  in 
the  case  of  fresh  animals. 

Another  experiment  quite  similar  to  this  was  under- 
taken on  a  goat  (curve  No.  7).  15  days  after  an  injection 
of  typhoid  agglutinin  from  goat  the  agglutinating  power 
was  reduced  to  15;  at  this  time  100  cc.  of  culture  pro- 
duced no  change  at  all.  Some  months  later  on  the  con- 
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trary,  the  agglutinating  power  having  after  another  in- 
jection of  agglutinin  again  fallen  down  to  the  normal  tiler, 
1,2,  the  injection  of  75  cc.  of  culture  was  followed  by 
a  great  reaction.  This  corresponded  to  the  curve,  which 
is  obtained  in  the  case  of  actively  immunised  animals. 
The  maximum  158,8  was  reached  on  the  llth  day,  and 
when  the  tiler  on  the  4/s  had  fallen  down  to  100  a  new 
injection  of  culture  was  made  (120  cc.  24h).  This 
was  followed  by  a  fall,  apparently  in  direct  continu- 
ation of  the  preceding,  and  then  a  new  rise  with  maxi- 
mum at  10000  occurred. 

Is  thus  appears,  that  this  animal  is  not  influenced 
by  B.  typhos.  cullure  when  its  serum  has  an  agglutinating 
power  of  15,  originating  from  introduced  agglutinin. 

But  after  Ihe  disapperance  of  all  this,  and  the  blood 
having  only  ils  small  normal  agglutinating  power,  a 
marked  reaction  is  produced  by  the  same  factors.  This 
is  also  the  case  during  active  immunisation,  the  animal 
itself  producing  the  agglutinin.  The  contrast  between 
these  two  conditions  appears  clearly  from  the  curve. 

The  difference  between  active  and  passive  immunisation 
shown  by  these  observations  is  very  distinct,  and  we  are 
now  met  wilh  the  problem,  what  is  the  cause  to  this 
difference. 

From  our  observations  aboul  the  neutralisation  in 
vitro  of  toxins  and  anlitoxins  it  is  not  possible  to  con- 
clude what  is  going  on  in  an  organism  during  active 
immunisation.  This  was  already  emphasized  by  Salo- 
monsen  and  Madsen1)  in  the  case  of  active  immuni- 
salion  of  horses  against  diphtheria.  Take  for  instance 


Salomonsen  &  Madsen:     Kecherches    sur    la    marche    de    1'immunisation    active 

centre  la  diphterie. 

Bulletin  de  1'Acad.  Royale  des  Sciences  et  des  Lettres  de  Danemark.    1896. 
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such  a  horse  with  500  antitoxin  units  pr.  cc.,  on  which 
we  inject  100  cc.  of  diphtheria  toxin  with  Lt  =  0,2  cc. 
As  these  0,2  cc.  in  vitro  are  neutralised  by  1  antitoxin 
unit  the  100  cc.  toxin  injected  would  in  vitro  be  com- 
pletely neutralised  by  1  cc.  of  the  serum  in  question. 
Although  this  horse  contains  50000  times  this  quantity 
of  antitoxin,  yet  it  shows  a  very  marked  antitoxin  curve, 
commencing  with  a  rapid  fall,  followed  by  a  rise  to 
1000  units  pr.  cc. 

The  case  is  evidently  the  same  as  regards  the  agglu- 
tinins. 

We  might  ask  if  the  faculty  to  react  with  an  "agglu- 
tinin  curve"  is  not  characteristic  for  the  actively  im- 
munised organism.  That  this  is  not  the  case  appears 
from  the  fact  above  mentioned,  that  quite  fresh  animals, 
never  before  treated,  will  give  the  typical  curve  after 
the  first  injection  of  culture. 

But  perhaps  an  actively  immunised  organism  might 
have  acquired  a  special  strong  affinity  to  the  concerned 
microbes  and  thus  got  power  to  break  the  combination 
between  the  latter  and  the  agglutinin  circulating  in  the 
blood.  This  view  cannot  be  maintained  as  will  be  seen 
from  following  experiments. 

When  an  actively  immunised  animal  is  injected  with 
agglutinin,  a  culture  will  not  produce  any  agglutinin 
curve  before  so  long  a  time  has  passed,  that  most  of 
the  agglutinin  introduced  has  disappeared  (curve  Nr.  11.) 

This  is  demonstrated  by  a  rabbit,  which  from  the 
13/2  had  been  actively  immunised  against  B.  typhosus. 
On  the  2fi/3,  14  days  after  the  last  injection  of  culture, 
the  agglutinating  power  of  the  serum  was  222.  An  in- 
jection of  10  cc.  strong  typhoid  agglutinin  from  rabbit 
was  undertaken,  which  increased  the  liter  to  833.  On 
the  following  day  it  was  588,  and  the  animal  then  got 
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Curve  No.  11 


2  cc.  24h  B.  typhos.  cul- 
ture introduced  intrape- 
ritoneally.  No  aggluti- 
nin  curve  occurred.  But 
27  days  later,  when  the 
amount  of  agglutinin 
had  decreased  to  400,  the 
corresponding  dose  of 
culture  produced  a  typi- 
cal curve  with  a  maxi- 
mum of  1429. 

After  these  observa- 
tions it  seemed  of  in- 
terest to  try  if  the  dif- 
ference between  the  ac- 
tively and  passively 
immunised  organism 
should  depend  upon 
the  circumstance,  that 
the  agglutinin  in  the 
two  cases  was  not  quite 
identical.  It  seems  that 
the  typhoid  and  cholera 
agglutinins  (or  perhaps 
rather  the  antibodies) 
might  possibly  possess 
quite  another  "neutra- 
lising' action  upon  the 
microbes  in  the  pas- 
sively immunised  orga- 
nism and  in  vitro  than 
in  an  actively  immuni- 
sed animal. 

A  number  of  experi- 
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menls  have  been  performed  with  the  object  of  deciding 
on  which  point  the  agglutinin  acquires  the  properly  to 
prevent  the  microbes  from  producing  the  typical  curve. 

The  coagulation  is  the  most  conspicuous  phenome- 
non, which  takes  place  in  the  agglutinin  holding  blood 
after  its  removal  from  the  organism  in  which  it  is  pro- 
duced. To  clear  up  the  significance  of  this  phenomenon 
it  was  necessary  to  examine  the  action  of  the  same  ag- 
glutinin before  and  after  coagulation.  5  goats  were  used 
for  the  first  series  of  experiments  of  this  kind. 

Goat  No  I  got  on  the  8/5  40  cc.  B.  typhos.  culture. 
The  17/5  when  its  serum  was  supposed  to  have  reached 
the  maximum  of  agglutinin  the  following  experiments 
were  carried  out: 

a)  From  the  jugular  vein  was  taken  with  a  syringe 
100  cc.  of  blood,    which  immediately,  and  before 
any  coagulation  took  place,  were  introduced  into 
the  jugular  vein  of  goat  II. 

b)  From  the  same  animal  200  cc.  of  blood  were  with- 
drawn and  after  defibrination  injected  intravenous- 
ly into  goat  III. 

c)  40  cc.  infusion  of  leeches  were  injected  in  the  jugu- 
lar vein  of  No.  I.     1/z  hour  later  100  cc.  of  blood 
were  taken,  mixed  with  4  cc.  infusion  of  leeches 
and  centrifugalised.    The  completely  clear  and  fluid 
plasma  was  thereafter  introduced  into  the  circu- 
lation of  goat  No.  IV. 

On  the  next  day  the  animals  were  getting  on  all  right. 
Goat  II,  III,  IV  and  a  fresh  goat  V,  which  served  as  con- 
trol, got  an  injection  of  20  cc.  24h  culture  of  B.  typhos. 
Only  a  trace  of  oedema  on  the  place  of  injection  was 
observed,  but  no  other  morbid  phenomena.  In  this  re- 
spect no  difference  between  the  animals  could  be  disco- 
vered. 
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As  it  appears  from  curve  12  a  typical  agglutinin  curve 
took  place  in  all  the  goats  II,  III,  IV  and  also  in  the 
control  animal  goat  V.  (see  curve  5).  The  curve  was 
certainly  very  different  in  these  four  animals,  but  with 
our  present  knowledge  to  the  great  individual  differen- 
ces no  importance  can  be  placed  upon  this  fact. 

This  experiment  is  unsuccessful  so  far  as  the  animal, 
which  was  passively  immunised  with  defibrinated  blood 
also  gave  a  curve,  and  therefore  no  conclusion  could  be 
drawn  from  the  other  experiments  with  transfusion  of 
blood  and  plasma.  This  phenomenon  differs  quite  from 
all  our  earlier  observations,  and  the  explanation  is  pro- 
bably, that  there  was  a  too  small  augmentation  in  ag- 
glutinating power  produced  in  the  goats  II,  III  and  IV 
by  the  injections  of  agglutinin. 

It  appears  from  the  curve,  that  goat  No.  II  after  the 
injection  showed  17.  The  serum  of  goat  No.  Ill,  which 
before  the  injection  possessed  a  normal  agglutinating 
power  of  28,5,  increased  thereafter  to  50,  and  No.  IV 
reached  29. 

This  experiment  being  unsatisfactory,  a  second  was 
carried  out  with  a  considerably  greater  quantity  of  ag- 
glutinin. This  was  procured  from  the  actively  immuni- 
sed goats  I,  II  and  III,  which  on  the  12/6  each  got  a  sub- 
cutaneous injection  of  100  cc.  24h  B.  typhos.  culture. 

9  days  later  on  the  21/o  following  experiments  were 
made. 

a)  From  the  jugular  vein  of  goat  I  350  cc.  blood  were 
transferred  directly  into  the  jugular  vein  of  a  quite 
fresh  goat  No.  VI.  No  coagulation  at  all  took  place. 

b)  From  the  jugular  vein  of  goat  II  400  cc.  of  blood 
were   drawn  and  defibrinated.     After  removal   of 
the    fibrin    by  filtration    through  gauze,  the  blood 
was  set  on  a  cool  place  till  the  following  day  22/e> 
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and  then  280  cc.  thereof  injected  intravenously 
upon  another  fresh  goat  No.  VII. 
c)  From  the  jugular  vein  of  No.  III.  400  cc.  of  blood 
were  drawn  and  immediately  after  injected  into  the 
same  animal  (auto-transfusion).  To  prevent  coagu- 
lation in  the  canula  and  the  syringe,  these  were 
previously  filled  with  4  cc.  of  a  very  weak  infu- 
sion of  leeches. 

On  the  8a/o  100  cc.  48h  B.  lyphos.  culture  were  injec- 
ted on  goat  No.  VI,  24  hours  after  the  transfusion. 

On  the  same  day  goat  VII  and  III  got  similar  amounts 
of  culture  ca  10  hours  after  the  injections. 

The  result  of  the  experiment  was,  that  goat  VI  and 
VII  after  injection  of  resp.  uncoagulated  and  defibrinated 
blood  gained  a  comparatively  high  agglutinating  power. 
This  was  resp.  167  and  567  at  the  moment,  when  the 
culture  was  introduced.  No  agglutinating  curve  look 
place,  (see  curve  No.  12). 

A  typical  one  on  the  contrary  occurred  in  the  case 
of  goat  No  III,  on  which  an  auto-transfusion  was  under- 
taken. After  another  auto-transfusion  a  quite  similar 
result  was  obtained. 

On  curve  No.  12  a  corresponding  experiment  with  a 
rabbit  is  given. 

The  23/6,  9  days  after  an  injection  of  5  cc.  B.  typhos. 
culture,  20  cc.  of  blood  was  drawn  from  the  jugular  vein 
of  a  rabbit;  as  this  animal  previously  had  got  an  injec- 
tion of  10  cc.  of  infusion  of  leeches  no  coagulation  took 
place.  10  cc.  of  plasma  were  easily  obtained  through 
centrifugalising  and  injected  intravenously  into  another 
rabbit  Q.  The  agglutinating  power  of  the  serum  was 
thereby  increased  to  143.  On  the  following  day,  when 
it  had  fallen  down  to  100,  5  cc.  of  a  24h  B.  typhos.  cul- 
ture was  injected  and  produced  no  agglulinin  curve. 
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In  comparing  the  above  experiments  the  conclusion 
may  be  drawn,  that  the  difference  in  question  between 
an  actively  and  passively  immunised  animal  can  not  be 
attributed  to  a  change,  occurring  in  the  typhoid-serum 
through  the  process  of  coagulation.  This  appears  from 
the  fact,  that  the  agglutinin  producing  property  of  a  B. 
typhos.  culture  is  completely  prevented  by  a  transfusion 
of  a  sufficient  amount  of  agglutininholding  blood. 

It  is  also  indicated  from  other  facts,  that  the  agylu- 
tinin  as  such  exits  in  the  organism  in  which  it  is  pro- 
duced. A  culture  of  B.  typhosus,  introduced  intrave- 
nously into  an  actively  immunised  animal  will  be  ag- 
glutinated. This  is  especially  striking  when  a  great 
amount  of  culture  is  injected;  in  this  case  the  clumps 
of  agglutinated  bacilli  may  bring  about  numerous  emboli 
in  different  organs. 

From  the  last  two  series  of  experiment  it  is  obvi- 
ous, that  the  mere  presence  of  introduced  agglutinin 
is  not  sufficient  to  prevent  an  "agglutinin  curve",  but 
that  the  amount  of  it  plays  a  great  role.  It  seems, 
that  is  it  not  only  the  absolute  amount  of  agglutinin 
injected,  and  not  the  titer  of  the  serum  obtained  after 
this  injection,  which  is  of  importance.  From  our  small 
experience  we  have  got  the  impression,  that  it  is  rather 
the  relative  increase,  which  is  the  main  factor. 

It  is  obvious,  that  this  circumstance  renders  the 
conclusions  drawn  from  a  few  experiments  very  unre- 
liable, and  it  has  made  it  very  difficult  for  us  to  continue 
our  experiments  in  the  line,  we  intended  to  follow. 

We  had  seen,  that  a  fraction  of  the  blood,  transfu- 
sed into  another^animal,  prevented  "agglutinin  curve" 
while  a  such  one  arose  in  the  producing  animal,  con- 
taining much  more  agglulinin. 

Our  plan  then  was  on  a  number  of  actively  immuni- 
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sed  animals  gradually  to  examine  if  a  culture  would 
produce  an  agglutinin  curve,  when  such  animals  pre- 
viously had  got  an  injection  of  1)  their  own  serum,  or 
2)  their  own  plasma,  or  3)  their  own  blood  (auto-trans- 
fusion). As  regards  the  first  two  points  these  problems 
can  only  be  solved,  when  the  serum,  resp.  plasma  is 
kept  for  a  comparatively  long  time.  Before  the  agglu- 
tinating power  of  the  animal,  experimented  on,  has  de- 
creased to  a  considerable  degree,  the  serum  or  plasma 
injected  would  in  no  cases  be  able  to  increase  the 
amount  of  agglutinin  to  a  sufficient  extent. 

It  is  a  matter  of  course,  that  such  an  increase  can- 
not be  obtained  in  the  case  of  an  auto-transfusion,  and 
therefore  the  experiments  of  this  kind  have  all  given 
"agglutinin  curve".  The  examination  of  the  two  first 
questions  is  not  yet  finished. 

The  above  problems  can  scarcely  be  solved  by  exa- 
mination of  the  agglutinating  power  of  the  blood 
alone,  the  peculiar  action  of  typhoid  and  cholera  serum, 
which  has  been  the  object  to  these  last  experiments, 
probably  being  due  to  other  antibodies  of  these  sera. 


Conclusions. 

1)  The  find  nations  in  the  agglutinating  power  of 
the  blood  of  an  actively  immunised  animal,  pro- 
duced by  a  single  injection  of  a  culture  of  B.  ty- 
phos.  resp.  Vb.  cholera1,  can  be  expressed  by  a 
regular  curve.  In  this  3  phases  can  be  distin- 
guished : 

1°  phase.  3 — 6  days  almost  imperceptible  de- 
crease of  the  agglutinating  power  —  or  no  change. 

2°  phase.  3 — 6  days.    An  increase  with  a  max- 
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imum  on  the  7th — 13th  day  after  the  injection 
(usually  9th-llth  day). 

3°  phase.  A  decrease,  commencing  rapidly  and 
gradually  passing  into 

4°  phase,  where  a  very  slow  fall  occurs  or  an 
equilibrium  is  reached. 

2)  A  similar  curve  is  obtained  in  the  case  of  a  fresh 
animal,  never  treated  before. 

3)  Daily   injections  of  small  amount  of  culture  will 
produce  a  similar  curve.     The   rise,  followed  by 
the  fall,  will  occur  during  the  injections. 

4)  It  is  probable,  that  the  production  of  antibodies  gene- 
rally has  the  type,  first  described  by  Brieger  and  Ehr- 
lich  in  the  case  of  immunisation  against  tetanus. 

5)  Agglutinin,  injected  into  the  circulation  will  disap- 
pear rapidly  at  first  and  later  on  more  slowly. 

6)  Agglutinin  from  goat  disappears  quickly  from  the 
circulation  of  cat  and  rabbit,  while  agglutinin  from 
rabbit  keeps  for  a  comparatively  long  time  in  the 
blood  of  rabbit. 

Agglulinin  from  rabbit  and  goat,  introduced  to  a  si- 
milar amount  in  the  circulation  ot  the  goat,  will  keep 
for  quite  the  same  time. 

A  difference  between  agglutinin  from  goat  and  rabbit 
may  possibly  be  supposed. 

It  is  impossible  to  lay  down  a  general  law  for  the  fate 
of  the  agglutinin  of  one  species  in  the  fluids  of  another. 

7)  The  agglutinins  may  be  considered  as  simply  diluted 
in  the  blood,  into  which  they  are  introduced. 

8)  The  introduction  of  typhoid  or  cholera  serum  into 
an  organism  (thus  passively  immunised)  will  pre- 
vent the  typical  agglutinin  curve,  which  is  regu- 
larly produced  in  an  actively  immunised  organism 
by  an  injection  of  culture. 
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A  fraction  of  the  blood,  transfused  into  another  ani- 
mal, prevents  "agglutinin  curve",  while  a  such  one  arises 
in  the  producing  animal,  containing  much  more  agglu- 
tinin. 

This  is  a  new  proof  of  the  fundamental  difference 
between  an  actively  and  passively  immunised  organism. 

9)  The  above  mentioned  results  will  apply  to  both 
typhoid  and  cholera  agglutinin. 
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ERNST  LEVIN 

COLI  AGGLUTININS  AND  THEIR  COURSE  OF  FORMATION. 


The  study  of  the  great  group  of  microbes,  for  which 
Bacillus  lyphosus  and  Bacterium  coli  are  the  two 
predominant  types,  is  getting  more  and  more  im- 
portant.This  is  of  course  for  a  good  deal  due  to  their 
great  practical  signification,  but  also  a  considerable  the- 
oretical interest  is  involved  in  the  solution  of  the  pro- 
blems connected  with  them.  A  great  deal  of  work  has 
been  done  to  penetrate  into  the  characteristics  of  these  or- 
ganisms and  to  make  a  thorough  study  of  every  one  of 
their  peculiar  features.  Amongst  these  their  faculty  to 
produce  agglutinins  has  during  the  last  years  attracted 
the  greatest  attention  and  has  been  studied  from  several 
points  of  view. 

About  the  fluctuations  in  agglutinating  power,  which 
are  going  on  into  an  animal,  actively  immunised  against 
the  said  microbes,  some  information  could  be  found 
scattered  into  the  papers  of  a  few  investigators  (Deutsch, 
Durham,  Neisser);  but  a  greater  number  of  experiments 
in  this  line  were  first  carried  out  by  Jergensen  and 
Madsen.  In  the  case  of  goats  and  rabbits,  which  were 
immunised  against  B.  typhos.  and  Vb.  cholerae  it  was 
found,  that  after  an  injection  of  these  microorganisms 
fluctuations  in  the  agglutinating  faculty  of  the  blood  oc- 
curred, which  were  very  like  those  previously  observed 
during  active  immunisation  against  the  toxins  of  tetanus 
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and  diphtheria.  It  was  herafter  very  likely,  that  a  simi- 
lar rule  would  apply  to  the  other  members  of  the  said 
group  of  microbes,  and  I  have  therefore,  summoned  by 
Dr.  Th.  Madsen,  undertaken  a  series  of  experiments  in 
that  line. 

In  this  paper  only  a  brief  statement  of  some  of  my 
results  will  be  given;  more  detailed  account  for  the 
experiments  shall  later  be  published. 

The  chief  object  for  these  researches  was  an  inve- 
stigation of  the  phenomena,  which  occurs  into  organims, 
actively  immunised  against  Bad.  coli.  I  have  also  tried 
to  examine  the  influence  of  different  factors  upon  the 
course  of  immunisation,  viz.  the  virulence  of  the  employed 
culture,  and  the  results  of  varying  modes  of  immuni- 
sation. 

The  way  of  proceeding  was  quite  similar  that,  used 
of  Jergensen  and  Madsen  in  their  experiments  with 
typhoid  and  cholera  agglutinin.  Different  cultures  of 
B.  coli  were  used,  both  for  the  immunisation  and  for 
the  determination  of  the  agglutinin.  A  24h — 48h  fresh 
or  boiled  culture  was  injected  intraperitoneally  on  rab- 
bits; this  species  served  for  all  the  experiments.  The 
bloodsamples  were  drawn  from  an  ear  vessel,  vein  or 
arteria,  and  the  measurement  of  the  agglutinin  was  per- 
formed by  the  test  tube  method,  whereafter  the  re- 
sults in  arbitrary  units  was  indicated  in  the  form  of 
curves. 

During  the  experiments  a  question  of  certain  impor- 
tance was  examined,  viz.  the  differences  between  dead 
and  living  coli  cultures,  when  acted  upon  by  the  same 
amount  of  agglutinin.  For  this  reason  most  of  the 
curves  are  made  by  means  of  both  kinds  of  culture, 
and  thus  a  good  material  was  procured  to  decide  the 
said  question. 
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Exp.  I. 

For  the  purpose  of  examining  the  influence  of  one 
single  injection,  6  cc.  of  a  boiled  culture  was  on  the 
16/a  introduced  into  the  peritoneum  of  a  rabbit.  Of 
this  culture  0,5  cc.  killed  rabbits  in  8 — 10  hours,  but 
after  the  boiling  the  culture  seemed  to  have  lost  nearly 
all  toxicity,  the  rabbit  to  be  examined  showing  no  mor- 
bid phenomena  at  all. 

The  agglutinating  power  of  the  serum,  which  at  the 
beginning  of  the  experiment  was  0,  increased  after  the 
injection  first  slowly,  thereafter  more  rapidly  and  reached 
the  maximum  17  days  after  the  injection,  whereafter  a 
gradual  decrease  occurred. 

On  curve  1 
is  represented 
the   fluctua- 
tions    in    the 
agglutinating 
power  of  this 
rabbit,  measu- 
red both  with 

living   and   dead   cultures.     It  appears,    that  the  values 
obtained  by  means  of  the  latter,  are  somewhat  lower. 

Exp.  II. 

In  this  experiment  a  rabbit  was  regularly  immunised 
with  small  doses  of  dead  culture.  During  a  period  from 
the  1(i/2  to  the  l/3  2  cc.  of  boiled  culture  was  injected 
every  second  day.  Under  this  treatment  an  augmenta- 
tion in  the  agglutinating  power  was  observed,  this  being 
0  before  the  injection  took  place.  During  these  the  in- 
crease was  comparatively  small,  but  thereafter  a  con- 
siderable rise  occurred  with  a  maximum  10,000  on  the 
13th  day  after  the  last  injection.  (Curve  No.  2). 


Curve  No.  1. 
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i  a  it  a  i 

Curve  No.  2. 


Exp.  Ill 

concerns  a  rabbit,  in 
which  the  immunisation 
was  commenced  with 
dead  and  finished  with 
living  cultures  of  an 
almost  avirulent  mi- 
crobe. The  result  of  the 
experiment  was  analo- 
gous to  the  previous 
one  with  the  exception, 
that  the  maximum  oc- 
curred a  little  earlier, 


Curve  No. 
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on  the  9th  day.    From  curve  No.  3.  appears  all  the  in- 
formations necessary. 
The  object  for 

Exp.  IV 

was  to  examine  the  action  of  an  energetic  immunisation. 
This  was  undertaken  during  18  days.     In  the  beginning 
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Curve  No.   4. 
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boiled  cultures  and  later  on  living  cultures  were  em- 
ployed. The  microbe  used  was  the  same  as  in  experi- 
ment I  and  II.  At  last  5  cc.  of  24h  culture  were  injected, 
0,5  cc.  of  which  killed  control  animals  in  8—10  hours. 
The  leading  features  of  the  following  agglutinin  curve 
(No.  4)  were  quite  the  same  as  the  above  mentioned.  It  is 
still  to  be  remarked,  that  the  production  of  agglutinin  in 
this  case  was  quite  extraordinary;  the  maximum  being  at 
333.333. 

In  the  curve  1,2  and  4  the  agglutinin  is  determined  both 
with  living  and  dead  culture,  and  a  considerable  diffe- 
rence may  be  noted.  As  a  rule  the  values  obtained  with 
dead  cultures  are  only  25 — 50  %  of  the  values  obtained 
by  the  living  cultures;  this  indicates,  that  by  the  hea- 
ting a  great  deal  of  the  agglutinable  matter  in  the  bac- 
teria is  destroyed. 

It  appears  from  communicated  experiments,  that  the 
production  of  agglutinin  in  rabbits,  actively  immunised 
against  bacterium  coli,  follows  quite  similar  laws  as 
those  observed  in  the  case  of  Bacillus  lyphosus  and 
Vibrio  cholerae. 
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THORVALD  MADSEN 

THE  DECREASE  OF  ANTIBODIES  IN  THE  ORGANISM  INDICATED 

BY  A  FORMULA. 


An  antibody  introduced  into  the  circulation  appears 
to  decrease  in  a  very  regular  manner.  At  first, 
when  the  amount  of  antibody  is  considerable,  the 
fall  occurs  very  rapidly,  but  gradually  it  becomes  slower 
and  slower.  This  is  clearly  seen  from  the  preceding 
paper1)  concerning  the  agglutinins  in  the  circulatory 
system  of  different  animals. 

If  we  proceed  to  study  the  laws  of  such  a  phenome- 
non as  a  regularly  progressing  fall,  it  seemed  from  the 
first  most  perspicuous  to  figure  the  amounts  as  ordi- 
nates  (x)  and  the  times  as  abscissse  (t).  When  we  try 
to  find  the  analytical  equation  of  the  curve  thus  defined, 
it  is  natural  to  expect  that  there  will  be  a  simple  rela- 
tion between  the  velocity  of  change  in  the  ordinates  and 
the  coordinates  of  the  corresponding  point. 

After  different  attempts  it  was  found  that  this  rela- 
tion could  be  expressed  by  a  differential  equation  of 


the  following  form: 


dx          1 
dt 


n  and  K  being  constants,  which  arc  characteristic  for 
each  case. 


Jargensen  and  Madsen:   The  fate  of  typhoid   and  cholera  agglutinins  during  ac- 
tive and  passive  immunisation. 
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Integrating  this  equation  we  gel 

-  Kt  +  K, 


where  K:  is  a  new  constant. 

This  equation  we  put  into  the  following  form  as 
being  more  convenient: 

1000" 

-*r-  -  ct  +  Cl  . 

Taking  the  left  side  of  this  equation  as  theordinate, 
corresponding  to  t  as  abscissa,  a  new  curve  is  obtained, 
which,  is  our  supposition  correct,  will  be  a  straight  line. 

In  this  straight  line 

X  «  ct  +  Cj 
a  series  of  corresponding  values  of  t  and  X  viz. 


1B 


Xj  X2  X3  ...... 

are  to  be  found. 

To  illustrate  the  mode  of  procedure  I  reproduce  the 
calculations  of  a  special  case. 

Goat  N°  VII,  curve  N°  12  had  on  the  33/e  an  intrave- 
nous injection  of  typhoid  agglutinin  from  goat;  after  the 
injection  the  blood  contained  950  agglutinin  units  pr.  cc. 
During  the  following  days  the  agglutinating  power  of 
the  blood  rapidly  decreased. 

In    the   table   the   time  t  is  indicated    in  days,  the 
amounts  of  agglutinin  observed  in  arbitrary  units: 
t 

0 

0,3 

1 

3 

5 

8 
11 
15 


X 

X 

950 

1,109 

555 

3,246 

333 

9,02 

207 

23,33 

167 

35,86 

125 

64 

100 

100 

91 

120,8 
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In  this  case  n  was  found  =  =  2  and  for  each  x  Ihc 
corresponding  X  was  calculated.  When  the  values  of 
X  were  marked  out  as  ordinates  for  the  different  va- 
lues of  t,  it  was  very  easy  to  draw  a  straight  line  rather 
near  to  the  points  thus  defined. 


100 


50 


50 


Having  drawn  the  straight  line  the  constants  of  its 
equation  could  be  read  directly  on  the  figure,  Cj  being 
the  segment  of  the  ordinate  axis  for  t  =  0  and  c  being 


In  this  instance 


10 
was  found 


1,109 
/,8Jo. 


In  the  following  table  I  have  given  the  different  va- 
lues of  x  as  observed  and  as  calculated  from  the  equa- 
tion of  the  straight  line. 
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t  x  obs.  in  cc.  x  calc.  in  cc. 

0  950  0,0011  949,7  0,0011 
0,3  555  0,0018  536,3  0,0019 

1  333  0,0030  333,3  0,0030 
3  207  0,0048  200,8  0,0050 
5  167  0,0060  157  0,0064 
8  125  0,0080  124.7  0,0080 

11       100       0,0100      106,6      0,0093 
15       91       0,0110       91,6      0,0110 

The  observed  values  agree  very  well  with  those  cal- 
culated. How  satisfactory  the  correspondence  is,  appears 
perhaps  better  from  the  figures  in  the  columns  besides. 
These  indicate  in  cc.  the  doses  of  serum,  of  which  the 
resp.  agglutinin  units  are  the  reciprocal  values.  It  must 
be  remembered  that  such  doses  as,  for  inst.,  0,0018  cc. 
are  only  interpolated.  In  this  series  of  test  tubes  the 
degree  of  agglutination  used  for  the  test  was  found  to 
be  higher  than  that  of  0,0017  cc.  and  lover  than  that  of 
the  next  tube  containing  0,002  cc.  Being  nearest  the 
first  it  was  judged  to  correspond  to  0,0018  cc. 

It  was  stated  above  that  the  value  of  n  partatonne- 
ment  was  found  =  2.  A  smaller  or  greater  value  of 
this  constant  would  change  the  straight  line  into  a 
curve  bending  downwards  or  upwards. 

The  figures  of  a  few  of  the  experiments  mentioned 
in  the  preceding  paper  are  given  in  the  following. 

Rabbit  Q,  curve  No.  12. 

n  =  0,5 


in  cc. 
0,007 
0,013 
0,022 
0,033 
0,044 
0,060 


ci  = 

2,644 

c  = 

0,333 

t 

x  obs. 

in  cc. 

x  calc. 

0 

143 

0,007 

143 

3 

100 

0010 

75,4 

6 

46 

0,022 

46,4 

9 

30 

0,033 

31,4 

12 

20 

0,050 

22,7 

15 

17 

0,060 

17,1 
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t     x  obs.  in  cc.  x  calc.  in  cc. 

0  625  0,0016  432,9  0,0023 

1  357  0,0028  355,1  0,0028 
3  250  0,0040  251,4  0,0040 
8  147  0,0068  121,9  0,0082 

11  91  0,0110  94,2  0,0110 

14  72  0,0140  90,4  0,0110 


Rabbit 

A,  curve 

No.  8. 

n  =  0,5 

c,=  1,52 

c  =  0,158 

x  obs. 

in  cc. 

x  calc. 

625 

0,0016 

432,9 

357 

0,0028 

355,1 

250 

0,0040 

251,4 

147 

0,0068 

121,9 

91 

0,0110 

94,2 

72 

0,0140 

90,4 

Rabbit 

B,  curve 

No.  8. 

n  =  0,5 

ct==  1,08 

c,  =  0,229 

x  obs. 

in  cc. 

x  calc. 

902 

0,0011 

857,4 

374 

0,0027 

583,9 

250 

0,0040 

318,8 

175 

0,0057 

163,4 

133 

0,0075 

118, 

83 

0,0121 

77,2 

58 

0,0170 

54,5 

46 

0,0220 

40,4 

25 

0,0400 

24,8 

t  x  obs.  in  cc.  x  calc.  in  cc. 

0  902  0,0011  857,4  0,0012 

1  374  0,0027  583,9  0,0017 
3  250  0,0040  318,8  0,0032 
6  175  0,0057  163,4  0,0060 
8  133  0,0075  118,  0,0085 

11  83  0,0121       77,2  0,0130 

14  58  0,0170       54,5  0,0180 

17  46  0,0220       40,4  0,0250 

23  25  0,0400       24,8  0,0400 

A  calculation  of  the  other  experiments  concerning 
the  decrease  of  agglulinin  in  the  blood  of  rabbits  and 
goats  shows  a  similar  concordance  between  the  calcu- 
lated and  observed  values. 

Further  it  was  of  interest  to  determine  if  the  for- 
mula would  apply  to  the  fate  of  other  antibodies  in  the 
circulation  of  other  species.  Rest  examined  as  regards 
this  point  is  diphtheria  antitoxin. 

Relow  is  given  a  calculation  of  the  experiments  of 
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Bomstein1),  concerning  passive   immunisation    of    dogs 
and  guinea-pigs  with  diphtheria  antitoxin. 

Dog  I.  Dog  II. 

n  =  0,2  ii  =  0,2 

ct=  3,2  c,==  3,2 

c  =  0,15  c  ==  0,19 

t        x  obs.        x  calc.  t        x  obs.        x  calc. 

0          3,0  3,0  0          3,0  3,0 

4          1,5  1,3  4          1,0  1,0 

8          0,6  0,6  8          0,5  0,5 

12          0,3  0,3  12          0,2  0,25 

Dog  III.  Guinea-pig. 

n  =  0,2  n  =  0,2 

c,=  3,3  c,=  2,316 

c  ==  0,18  c  =  0,137 

t        x  obs.        x  calc.  t  x  obs.         x  calc. 

0          2,5              2,5  0  15,0             15 

4           1,0               0,95  4          6,0               5,2 

8          0,4              0,4  8          2,5              2,2 

12          0,2              0,2  12          1,0               1,0 

16          0,5  0,53 

Bul loch2)  has  examined  the  durability  of  passive 
diphtheria  immunity  in  the  case  of  an  ass.  A  calcula- 
tion from  his  figures  gives  the  following  result: 

n  =    0,6 

ct  =  14,35 
c  =     0,2 


t 

x  obs. 

x  calc. 

0 

11,8 

18 

3 

11 

11 

23 

7,5 

7,4 

47 

5,5 

5,1 

59 

4,5 

4,3 

76 

3,2 

3,5 

!)  Bomstein:  Zur  Frage  der  passiven  Immunitat  bei  Oiphtherie.  Ccntralbl.  f. 
Bakt.  etc.  XXII,  1897,  p.  587. 

2)  Bulloch:  The  durability  of  passive  diphtheria  immunity.  The  Journal  of  Patho- 
logy and  Bacteriology.  Oct.  1898. 
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(The  values  for  t  ==  99  and  125  have  been  omitted 
as  quite  uncertain). 

By  looking  at  the  above  calculations  it  is  evident, 
how  satisfactory  the  concordance  is,  especially  if  the 
unavoidable  error  of  experiment  as  regards  the  deter- 
mination of  x  is  taken  in  consideration.  Also  t 
might  not  always  be  exactly  determined,  the  time  for 
the  bleeding  sometimes  being  allowed  to  vary  within 
6  hours. 


Considering  this  regularity  in  passive  immunisation, 
it  was  of  interest  to  examine  if  the  same  regularity 
should  be  found  in  the  case  of  active  immunisation.  In 
the  following  tables,  which  refer  to  the  experiments  men- 
tioned in  the  preceding  paper,  the  day,  on  which  the 
maximum  of  an  agglutinin  curve  occurs,  is  taken  as  0, 
and  the  other  values  for  t  are  counted  from  this  point. 


Goat 

IV  curve  No. 

n  =  0,5 
ct=  3,162 
c  =  0,2238 

12. 

Goat  curve  No 

n  =  0,3 
ct=  1,331 
c  ==  0,0364 

.   1 

t   x  obs. 

in  cc. 

x  calc. 

in  cc. 

t    x  obs. 

in  cc. 

x  calc. 

in  cc. 

0 

100 

0,010 

100,0 

0 

,010 

0 

385 

0,0026 

385 

,5 

0,0026 

3 

72 

0,013 

76,4 

0 

,014 

2 

313 

0,0032 

322 

,8 

0,0031 

8 

40 

0,025 

40,8 

0 

,025 

4 

270 

0,0037 

278 

,6 

0,0036 

12 

28 

0,036 

29,2 

0 

,034 

8 

200 

0,0050 

199 

,5 

0,0050 

18 

20 

0,050 

19,4 

0 

,052 

11 

174 

0,0057 

160 

,7 

0,0062 

14 

124 

0,0080 

130 

,8 

0,0076 

16 

91 

0,0110 

115 

,1 

0,0087 
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Goat  curve  No.  III. 

Il/l,inj.of40cc.  24  h         b.     6/2—  13/3,  daily  inj.  of  5  cc.  24  h 
Vb.  chol.  culture  Vb.  chol.  culture 


n  =     2,5 
c1==  —130 

n  =   2,5 
ct=  32 

c  ~  —  ~ 

81,8 

c  =  320 

t 

x  obs. 

in  cc 

x  calc. 

in  cc. 

t 

x  obs. 

in  cc. 

x  calc. 

in  cc. 

0 

125 

— 

f 

— 

0 

250 

0,004 

250 

0,004 

2 

100 

0,010 

99,5 

0,010 

1 

91 

0,011 

95,8 

0,010 

3 

59 

0,017 

59,6 

0,017 

2 

77 

0,013 

74 

0,014 

4 

50 

0,020 

48,1 

0,021 

3 

63 

0,016 

63,3 

0,016 

5 

42 

0,024 

41,9 

0,024 

4 

56 

0,018 

56,6 

0,018 

10 

33 

0,030 

29,2 

0,034 

5 

52 

0,019 

51,6 

0,019 

13 

28 

0,036 

25,8 

0,039 

6 

49 

0,020 

48,3 

0,021 

18 

20 

0,050 

22,3 

0,045 

7 

46 

0,022 

45,4 

0,022 

8 

43 

0,023 

43,1 

0,023 

10 

40 

0,025 

39,5 

0,025 

12 

38 

0,026 

36,7 

0,027 

14 

36 

0,028 

34,5 

0,029 

16 

34 

0,029 

32,8 

0,031 

18 

32 

0,031 

31,3 

0,032 

20 

30 

0,033 

30 

0,033 

22 

28 

0,036 

28,9 

0,035 

These  four  examples  refer  to  the  fall  (third  phase), 
observed  in  goats,  which  were  actively  immunised  in 
different  ways  against  B.  typhos.  or  Vb.  choleric.  The  con- 
cordance between  the  calculated  and  observed  values  is 
so  exceedingly  good,  that  without  doubt  the  conclusion 
can  be  drawn,  that  the  decrease  of  antibody  during  ac- 
tive immunisation  can  be  expressed  by  the  same  for- 
mula, as  that  applied  to  passive  immunisation. 

Accordingly  the  fate  of  the  agglutinin  in  an  actively 
immunised  organism  may  be  conceived  in  this  way: 

After  a  single  injection  of  culture  an  incubation  pe- 
riod is  first  observed.  Then  follows  the  period  during 
which  the  agglutinin  is  brought  into  the  circulation 
slowly  at  first,  then  more  rapidly  and  later  on  slowly 
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again.  The  maximum  of  production  occurs  2 — 3  days 
before  the  acme  of  the  curve  is  reached.  The  produc- 
tion of  antibody,  to  which  the  injected  culture  (or  toxin) 
has  given  rise,  ceases  at  the  time  when  the  curve  has 
reached  the  acme,  or  is  continued  to  a  small  extent  for 
a  short  time  after  this  point  has  been  reached.  The  anti- 
body present  then  decreases  accordingly  to  quite  a  simi- 
lar law,  as  would  be  the  case  if  it  was  a  foreign  anti- 
body, injected  into  the  blood. 

It  is  therefore  easy  to  understand,  why  a  regular 
immunisation  will  give  much  belter  results,  when  the 
injections  of  toxin  are  given  every  third  day,  (as  first 
pointed  out  by  Dean1),  instead  of  the  day,  on  which 
the  acme  is  supposed  to  occur2).  The  period  of  pro- 
duction, on  an  average  9  days,  can  approximately  be 
divided  into  three  periods:  3  days  of  incubation,  there- 
after 3 — 4  days  to  the  maximum  of  production  and  at 
last  2 — 3  days  to  the  end  of  it.  Thus  an  injection  given 
3  days  after  another,  will  have  its  maximal  production 
at  the  time,  when  the  effect  of  the  first  has  ceased.  In 
this  way  no  interruption  in  the  increase  of  the  anti- 
body will  take  place.  If  the  injection  is  given  on  the 
day  of  the  acme,  6  days  or  so  will  pass  before  the  maxi- 
mum of  production  is  reached  and  during  those  6  days 
a  considerable  loss  of  antibody  incurs. 

During  the  second  phase  the  increase,  due  to  the 
production  of  antibody,  is  counteracted  by  the  decrease 
according  to  the  law  mentioned.  This  decrease  at  last 
predominates.  These  phenomena  might  be  compared 


1)  George  Dean:  Problems  of  diphtheria  immunity.  Transact,  of  the  Pathol.  Soc.  of 
London  51.  I.  1900. 

2)  Brieger  und  Ehrlich:     Beitriige  zur  Kenntniss  der  Milch  immunisierter  Thiere. 
Zeitschr.  f.  Hyg.  XII.  1893. 

Salomonsen  og  Madsen:     Recherches   sur    la   marche   de   1'immunisation   active 
centre  la  diphtheric.  Ann.  de  1'Inst.  Pasteur  1897. 
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with  those  occurring  when  a  body  is  thrown  upwards 
and  then  owing  to  the  gravitation,  again  falls  to  the 
ground. 

The  difference  between  an  actively  and  passively 
immunised  organism  is,  that  in  the  latter  case,  the  anti- 
body will  decrease  regularly  to  0,  while  in  the  former 
case  the  antibody  after  a  certain  time  usually  reaches 
an  equilibrium  or  continues  to  decrease  very  slowly. 
At  this  point  it  seems  to  be  most  probable  that  there 
is  a  production  of  antibody,  which  covers  the  loss.  It 
appears  trom  the  antitoxin  and  agglutinin  curves,  that 
an  actively  immunised  organism,  in  every  case  for  a 
certain  time,  is  liable  to  keep  such  an  equilibrium, 
which  it  tries  to  restore  if  disturbed,  as  for  instance 
by  a  copious  bleeding.  That  this  production  is  not  re- 
cognisable during  the  third  phase,  might  probably  de- 
pend on  its  relatively  small  magnitude. 

If  the  immunisation  is  produced  by  daily  injections  of 
small  amounts  of  culture,  quite  a  similar  curve  is  obser- 
ved (see  f.  inst.  curve  No.  3).  Here  the  remarkable  fact 
may  be  noticed,  that  the  fall  occurs  in  spite  of  the  con- 
tinuing injection  of  culture.  The  exact  concordance 
between  the  observed  and  calculated  values  of  aggluti- 
nin, which  is  perceived  during  this  fall  from  its  very 
beginning,  indicates  that  the  production  has  quite  ceased, 
the  cells  probably  being  fatigued  and  no  longer  capable 
to  react  on  the  injections. 

In  the  case  of  the  goat,  curve  3a,  a  negative  constant 
Cj=  -130  is  observed.  This  indicates  that  ourstartingpoint 
for  the  time  (t  =  0)  is  wrong.  Infacta  glance  at  the  curve 
reveals  that  no  observation  was  made  between  the  w/l 
and  21/1.  The  acme  would  have  been  observed  on  the 
2%,  and  this  is  the  real  starting  point  from  which  the 
mite  t  has  to  be  counted,  giving  a  positive  value  for  q. 
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The  constants  n,  Cj,  and  c  probably  have  a  special 
signification,  (species,  individuality,  character  of  anti- 
body etc.),  but  an  examination  of  these  factors  requi- 
res a  great  and  extensive  material  with  uniform  values. 

As  regards  the  decrease  of  antibody  in  the  organism 
it  seems  most  natural  to  ascribe  it  to  a  process  of  trans- 
formation. We  know  that  the  decrease  of  antitoxin  can- 
not be  due  to  an  excretion  through  the  secretions  (milk, 
urine,  saliva,  sweat),  the  antitoxin  curves  of  these  being 
parallel  to  that  of  the  blood1). 

The  regularity  expressed  by  the  formula  mentioned, 
indicates  that  a  real  chemical  change  of  the  antibody 
takes  place. 

In  this  respect  it  deserves  to  be  noticed  that  the 
above  mentioned  equation 


_  _    - 

dt      x^1 

includes  the  equation    for  respectively  monomolecular 
and  bimolecular  reaction,  when  we  take  n=0,  resp.  n  =  l. 


i)  Salomonsen  et  Madsen :  Recherches  sur  la  marche  de  1'immunisation  active  centre 
la  diphterie.  Ann.  de  1'Inst.  Pasteur  1899. 
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IX. 

MABEL  PUREFOY   FITZ  GEUALD  (Oxford) 

AND 

GEORGES  DREYER. 

THE  UNRELIABILITY  OF  THE  NEUTRAL  RED  METHOD,  AS 

GENERALLY  EMPLOYED,  FOR  THE 
DIFFERENTIATION  OF  B.  TYPHOSUS  AND  B.  COLL 


Numerous  methods,  not  one  of  which  can  be  regard- 
ed as  absolutely  reliable,  have  been  proposed 
for  distinguishing  IB.  typhosus  from  the  closely 
allied  B.  coli.  Amongst  them  the  use  of  coloured  me- 
dia holds  a  prominent  position. 

The  idea  of  making  use  of  colour  change  in  micro- 
biology originated  from  Helmholtz1)  who  in  1843  em- 
ployed a  litmus  gluten  solution  to  detect  putrefaction. 
He  found  that  before  this  could  be  perceived  by  smell, 
decoloration  of  the  solution  took  place. 

Buchner2)  in  1885  introduced  coloured  media  into  the 
bacteriological  technique.  Since  then,  their  utility  has  be- 
come more  and  more  recognised,  not  only  for  purposes 
of  diagnosis,  but  also  for  demonstrating  certain  charac- 
teristics of  a  given  micro-organism.  Buchner  himself 
used  a  litmus  medium  to  distinguish  Vb.  cholerae  from 
similar  forms. 

Cahen3)  maintained,  that  together  with  the  change 
of  colour  produced  in  the  medium  by  the  altered  reac- 
tion, a  reduction  of  the  dye  itself  took  place. 

Spina4)  regarded  this  reduction  as  a  deoxidation  be- 
cause the  colour  returned  if  the  medium  was  shaken 
with  atmospheric  air. 

Ra/csahegyi5)  made  a  large  number  of  experiments 
with  gelatine  stained  with  methylene-blue  or  methyl- 
violet  for  the  purpose  of  differentiating  various  bacilli. 
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Nocggerath0)  showed  that  by  cultivating  bacteria  on 
gelatine  stained  with  dyes,  the  colours  of  which  resem- 
bled those  of  the  spectrum,  each  microbe  selected  its 
specific  colour. 

Behring7)  found,  that  by  the  use  of  litmus  agar,  it 
was  possible  to  distinguish  between  a  weakly  and  a 
highly  virulent  anthrax  strain,  owing  to  the  greater  reduc- 
ing power  of  the  former. 

Kitasato  and  Weyl8)  showed,  by  the  use  of  indigo 
blue,  that  certain  anaerobes  (B.  tetanus)  were  capable 
of  absorbing  oxygen. 

Notwithstanding  the  variety  of  ways  in  which  colou- 
red media  have  been  employed,  they  have  doubtless  been 
of  most  service  in  differentiating  B.  typhosus  and  B. 
coli,  as  will  be  seen  from  the  following  brief  summary. 

Gasser9)  found  that  B.  coli  in  stroke  culture  on  fuch- 
sin  agar  would  decolourise  this  sooner  than  B.  ty- 
phosus. 

Wi'niz10)  availed  himself  of  a  solid  medium  containing 
lactose  and  litmus  to  differentiate  the  two  bacilli. 

Uffelmann11)  proved  by  means  of  methyl-violet  gela- 
tine acidified  with  citric  acid  that  B.  typhosus  took  up 
the  blue  colour,  so  that  the  colonies  were  on  this  account 
well  defined. 

Sommaruga12)  took  advantage  of  different  media  con- 
taining rosolic  acid,  and  regarded  the  decoloration  pro- 
duced by  B.  typhosus  as  due  to  a  reduction,  since  it 
occurred  even  if  the  medium  remained  alkaline. 

Marpmann13)  employed  malachite-green  sulphite  agar 
on  which  B.  coli  gives  a  gray  and  B.  typhosus  a  green 
growth,  the  latter  being  due  to  the  production  of  an 
aldehyde. 

Kashida14)  made  use  of  a  2  %  lactose  agar  containing 
urea  and  litmus,  in  which  medium  B.  coli  at  first  pro- 
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duces  a  red  and  subsequently  a  blue  colour,  whilst  no 
alteration  is  caused  by  B.  lyphosus. 

Rothberger15),  after  expcrimenlingwith  a  large  number 
of  colours,  recommends  neutral  red  as  being  far  superior 
to  all  the  others  for  distinguishing  B.  lyphosus  and  B.  coli. 
The  method  employed  was  to  melt  the  agar  and  then 
add  two  or  three  drops  of  a  sterilised  concentrated  solu- 
tion of  neutral  red  to  each  test  lube.  Within  24  hours 
from  the  time  of  inoculation  B.  coli  produced  a  light 
yellow  colour  in  the  medium,  accompanied  by  fluores- 
cence. Rothberger  objected  to  the  use  of  bouillon  as  it 
decolourised  spontaneously.  In  a  later  paper  he  recalled 
this  statement  and  rightly  so,  adding  that  this  sponta- 
neous decoloration  only  occurred  when  a  freshly  made  so- 
lution of  neutral  red  was  used.  He  also  said  lhal  no  fluores- 
cence appeared  in  bouillon,  which  statement  is  incorrect. 

Rothberger  used  4  different  slrains  of  B.  lyphosus 
and  20  ot  B.  coli  and  maintains  that  the  reaction  is  con- 
slanl  for  B.  coli,  bul  does  nol  occur  with  B.  typhosus, 
B.  Friedlaenderi  and  others. 

A  number  of  investigators,  relying  upon  Rothberger' s 
results,  have  recenlly  employed  Ihe  neutral  red  method, 
and  have  found  it  both  satisfactory  and  reliable. 

Wolff16),  endeavouring  to  explain  the  cause  of  the 
reaction,  concludes  lhal  il  is  due  lo  a  reduction,  since 
the  colour  returns  by  reoxidation,  and  from  this  and 
Ihe  facl  of  the  tubes  being  examined  at  different  periods 
of  time  after  inoculation,  accounls  for  Ihe  diversity  of 
results  obtained  by  different  investigators.  To  overcome 
the  possibility  of  reoxidation  when  experimenting  with 
neutral  red  and  B.  lyphosus  and  B.  coli,  he  covered  Ihe 
cotton  wool  corks  with  liquid  paraffin  and  by  this  means, 
obtaining  the  same  result  as  Rothberger  and  Scheffler, 
he  regards  Ihe  method  as  a  good  one. 
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Scheffler  n)  made  a  further  investigation  ofRothber- 
ger's  results  and  employed  a  0.3 — 0.5%  glucose  agar  to 
which  he  added  1  %  cone,  neutral  red  solution.  In  this 
medium  B.  coli  produced  a  decoloration  and  a  well 
marked  fluorescence,  which  Scheffler  regarded  as  of 
great  importance.  He  came  to  the  conclusion  that  a  true 
B.  coli  gave  a  reliable  reaction  and  therefore  the  method 
could  be  used  to  distinguish  this  bacillus  from  B.  Ty- 
phosus  in  water  and  faeces  etc. 

In  accordance  with  Rothberger  and  Wolff  he  found 
that  the  reaction  could  also  be  obtained  with  certain 
putrefactive  bacteria,  so  that  it  was  not  absolutely  specific. 

Hunter  18)  who  for  some  time  had  applied  the  me- 
thod to  many  different  strains  of  B.  coli  and  typhosus 
says,  that  although  the  reaction  constantly  succeeds 
with  bouillon,  the  best  results  are  obtained  with  a  shake 
or  stab  culture  in  glucose  agar  (0.3  to  2  %  glucose).  He 
states  that  the  fluorescence  is  but  feebly  developed  in 
bouillon,  which  is  not  in  accordance  with  the  results 
obtained  by  us,  as  a  well  marked  fluorescence  was 
frequently  seen  in  the  bouillon  cultures.  Hunter's  final 
conclusions  may  be  briefly  given  as  follows: 

'•!)  That  B.  coli  communis  possesses  to  a  marked 
degree  the  power  of  reducing  neutral  red,  producing  a 
superb  canary  yellow  fluorescent  colour  of  the  medium. 
2)  That  the  B.  typhosus  never  possesses  this  power 
of  reduction.  3)  That  the  common  pathogenic  micro- 
organisms do  not  give  this  reaction.  4)  That  by  means 
of  neutral  red  it  is  possible  within  from  12  to  24  hours 
to  diagnose  with  absolute  accuracy  the  presence  of  B. 
coli  communis;';  and  he  finally  stales  that  as  far  as  his 
experience  went:  "it  was  possible  to  diagnose  by  means 
of  neutral  red  the  true  coli  group  from  the  typhoid 
group  of  micro-organisms." 
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Quite  recently  Makgill 19)  and  Savage 20)  have  used 
the  method  for  the  examination  of  water.  Both  authors 
regard  the  reaction  as  a  very  delicate  test  for  the  pre- 
sence of  B.  coli  and  state  that  a  negative  result  may 
be  relied  upon  as  evidence  for  the  probable  absence  of 
the  bacillus.  Savage  agrees  with  Scheffler,  Hunter  and 
Makgill,  that  the  best  results  are  obtained  by  using 
glucose  agar  and  recommends  VaVo  glucose  agar  to 
which  neutral  red  has  been  added. 

Rothberger,  Hunter  and  Makgill  found  B.  Friedlanderi, 
B.  pyocyaneus  etc.  unable  to  reduce  neutral  red,  while  B. 
enteritidis  of  Gaertner  and  some  anaerobic  forms  (B. 
tetanus  etc.)  were  able  to  do  so. 

Since  the  publication  of  the  researches  of  Roth- 
berger, Wolff  and  Scheffler,  we  have  from  time  to 
time  used  this  test  amongst  others  for  the  differen- 
tiation of  B.  typhosus  and  B.  coli.  As  a  rule  the 
result  was  as  expected,  but  occasionally  the  reaction 
failed  to  occur,  therefore  we  concluded  that  this  test 
was  probably  just  as  unreliable  as  all  the  others,  the 
serum  test  perhaps  excepted.  After  the  appearance,  of 
the  paper  by  Hunter,  whose  results  were  quite  in  accor- 
dance with  those  of  Rothberger,  we  thought  it  of  inte- 
rest to  ascertain  why  certain  strains  of  B.  coli  would 
sometimes  produce  the  reaction  and  sometimes  not,  and 
so  possibly  make  the  reaction  of  Rolhberger  more  reli- 
able. - 

The  results  of  these  experiments  are  shortly  recorded 
here  by  referring  to  the  accompanying  tables. 

Ordinary  peptone  bouillon  and  agar  containing  0.5 
%  of  1  %  watery  neutral  red  solution  were  used  for 
the  experiments.  Thus  the  quantity  of  neutral  red  em- 
ployed is  exactly  the  same  as  that  which  we  found 
proposed  later  by  Savage.  This  %  was  chosen  because 


IX 


the    stronger    solution     used    by   former   investigators, 
appeared  to  cause  greater  uncertainty  in  the  results. 

Experiments  were  also  made  to  see,  whether  the 
results  were  influenced  by  the  addition  of  the  neutral 
red,  before  or  after  sterilisation  of  the  media.  Variations 
on  this  account  being  so  very  slight,  the  first  method 
was  adopted  as  preferable  from  a  technical  point  of 
view,  the  chance  of  infection  being  excluded.  The  media 
used  were  titrated  with  Vio  normal  NaOH,  phenolph- 
talein  as  indicator,  and  when  specified  as  neutral  in  the 
tables,  neutral  to  phenolphtalein  is  meant.  The  amount 
of  Vi  normal  NaOH  necessary  to  neutralise  100  Cc.  of 
the  different  bouillons  was  ca.  1.2  to  1.4  Cc.  By  a  nor- 
mal bouillon  is  meant,  a  bouillon  proved  by  the  fermen- 

TABLE  I.      (Normal  bouillon). 


1.5  H,SO4 

1.25   H2SO4 

1  H,SO4 

0.75   H,SO4 

0.5  H2 

Ty. 

Co. 

Ty. 

Co. 

TV. 

Co 

Ty. 

Co. 

Ty. 

Colour  before  inoculation  .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

„       1  day  afler    „          .  . 

inagcnla 

magenta 

magenta 

magenta 

magenta 

red 

magenta 

salmon 

magenta 

pink 

„       2  days     „      „ 

• 

" 

» 

• 

• 

orange 
yellow 

magenta 
red 

yellow 

magenta 
red 

»           «           «            it          v,                •    • 

» 

magenta 
red 

n 

salmon 
pink 

magenta 
red 

yellow 

salmon 
pink 

canary 
yellow 

red 

4 

ft                        w            n          n 

„ 

red 

„ 

orange 

red 

n 

„ 

,, 

„ 

yellow 

5 

n          6          „           ,,         „ 

yellow 

, 

7      „       » 

n 

orange 

salmon 

yellow 

orange 

. 

orange 

red 

pink 

red 

red 

11 

cherry 

orange 

orange 

, 

orange 

reel 

12              „      „ 

orange 

« 

• 

n 

„    16      .       .      , 
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lation  test  to  be  free  from  sugar.  The  figures  prefixed 
to  H2  S04  and  NaOH  in  the  tables  signify  the  quantity 
in  Cc.  of  Vi  normal  H.J  So4  and  of  ]/i  normal  NaOH 
added  to  100  Cc.  of  neutral  bouillon  or  agar. 

To  prevent  error  from  the  use  of  sulphuric  acid  we 
have  also  experimented  with  organic  acids  (acetic,  citric) 
and  obtained  practically  identical  results. 

As  it  soon  became  evident  that  the  results  depended 
upon  many  and  varied  causes,  a  systematical  analysis 
was  made  with  6  typical  strains  of  B.  coli  and  5  of 
B.  typhosus.  The  alterations  in  each  strain  were  iden- 
tical, according  to  the  different  conditions  to  which 
they  were  subjected.  Unless  otherwise  stated  in  the 
tables,  the  same  strain  has  been  used  throughout  the 


i  H,S04 

Neutral 

0.25  NaOH 

0.5  NaOH 

0.75  NaOH 

1    NaOH 

1.25  NaOH 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co 

Ty. 

Co. 

ll;i 

magenta 

iron 
red 

iron 
red 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

Ha 

canary 
yellow 

orange 

canary 
yellow 

.salmon 
pink 

canary 
yellow 

orange 
red 

canary 
yellow 

red  gold 

yellow- 
gold 

orange 

orange 

yellow 
gold 

red  gold 

•f,'e 

• 

orange 
yellow 

yellow 

orange 
red 

• 

• 

• 

M 

• 

orange 
red 

yellow 

» 

» 

w 

n 

yellow 

• 

» 

• 

orange 

" 

• 

» 

• 

» 

M 

- 

« 

M 

• 

• 

" 

- 

- 

orange 

" 

" 

» 

» 

» 

•n 

„ 

• 

• 

• 

orange 
yellow 

yellow 

yellow 

orange 

yellow 

- 

yellow 

yellow 

• 

orange 
yellow 

• 

• 

» 

- 

« 

" 

• 

orange 

" 

• 

» 

M 

• 

• 

• 

• 
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research,  thus    enabling  one    to  compare  the  different 
series  of  experiments. 

The  experiments  were  arranged  with    the   purpose 
of  bringing  out  clearly  the  following  points: 

1)  The  effect  of  using  normal    bouillon  of  varying 
acidity  and  alkalinity. 

2)  The  effect  of  using  bouillon  with  different  %  glucose 
and  of  varying  acidity  and  alkalinity. 

3)  The  effect  of  using  bouillon  with  different  %  lactose 
and  of  varying  acidity  and  alkalinity. 

4)  Results  produced  in  the  same  media  by  different 
varieties  of  the  typhoid  and  coli  groups,  (i.  e.  such  bacilli 
which,  on  the  whole,  resemble  either  B.  typhosus  or 


TABLE   II.    (Va°A>  glucose  bouillon). 


1.5  H.,SO4 

1.25  H2SO4 

1.  HSS04 

0.75  H8SO4 

<).;>  H 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Colour  before  inoculation  .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta  r 

„        1   day  after   „          .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta  i 

„       2  days     „       „ 

• 

> 

• 

, 

> 

reel 

i 

B 

i, 

3 

• 

i 

„ 

n 

B 

M 

B 

B 

B 

4 

»                                   »                M               M                      •      • 

» 

. 

. 

• 

1. 

magcnla 

r 

> 

ma 

„      5      „      „      „ 

n 

r, 

.      6      .      .      „ 

> 

. 

• 

. 

> 

7      „       „      » 

« 

• 

" 

n 

,  10    „     .    . 

i 

M 

11 

" 

• 

» 

„    16      „      „      „ 

. 

- 

—  10  — 
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B.  coli,  hut  may  fail  to  give  one  or  other  of  the  charac- 
teristic tests). 

5)  Results  produced  in    the   same    media   by  other 


micro-organisms.  — 


From  Tahle  I  it  will  he  seen  that  B.  typhosus  seems 
to  possess  the  power  of  reducing  neutral  red,  though 
not  to  such  an  extent  as  B.  coli;  the  reduction  is 
therefore  not  specific  to  the.  latter  bacillus.  From  the 
column  neutral  it  will  be  seen,  that  after  24  hours 
B.  typhosus  has  altered  the  colour  from  iron  red  to 
orange,  while  B.  coli  has  changed  it  to  canary  yellow. 
This  is  certainly  a  colour  difference,  but  after  2  days 
this  has  become  more  doubtful,  as  the  colours  are 


0.25  H,SO, 

Neutral 

0.25  NaOH 

0.5  NaOH 

0.75  NaOH 

1  NaOH 

1.25  NaOH 

Ty. 

Co. 

Ty- 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co 

Ty. 

Co. 

magenta 

magenta 

iron 
red 

iron 

red 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

magenta 

yellow 

magenta 

salmon 
pink 

orange 
red 

yellow 

magenta 

cherry 
red 

magenta 

cherry 
red" 

magenta 

canary 
yellow 

magenta 

red 

red 

» 

• 

yellow 

orange 

• 

« 

orange 
yellow 

» 

orange 
red 

• 

" 

B 

orange 
red 

• 

• 

• 

• 

« 

• 

• 

orange 
red 

« 

red 

• 

• 

• 

orange 
yellow 

orange 

; 

" 

' 

yellow 

: 

magenta 
red 

magenta 
red 

" 

orange 

' 

orange 

- 

- 

• 

• 

• 

• 

" 

• 

' 

• 

• 

salmon 
pink 

n 

« 

» 

• 

- 

i 

- 

» 

» 

orange 
red 

n 

orange 
rea 

• 

• 

" 

n 
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respectively  orange  yellow  and  yellow,  and  after  the 
lapse  of  3  days  the  colour  of  both  is  yellow  and 
so  it  remains  till  at  least  the  16th  day.  In  several  of 
the  other  columns  similar  conditions  can  be  observed, 
though  they  are  not  so  well  marked,  and  when  the 
variations  in  colour  are  observed  through  a  sufficient 
number  of  days,  the  ultimate  shade  is  the  same  for  B. 
typhosus  and  B.  coli. 

Table  I  demonstrates  moreover  the  powerful  influence, 
exerted  by  the  quantity  of  free  acid  or  alkali,  not  only 
on  the  occurrence  of  a  colour  change,  but  especially  on 
the  time  of  its  appearance,  and  the  acid  present  must 
be  reduced  to  0.5  H2  S04  before  B.  coli  is  able  to  alter 
the  colour  to  yellow  within  24  hours. 

That  none  of  the  earlier  investigators  have  mentioned 
or  observed  the  capacity  of  B.  typhosus  to  reduce 
neutral  red,  must  be  accounted  for  by  their  having 
worked,  either  with  different  strains  of  bacilli  or  with 
media  not  absolutely  free  from  glucose. 

From  Table  II  it  is  seen  that  the  presence  of  l/z  % 
glucose  lessens,  in  fact  almost  prevents  the  reduc- 
tion of  the  neutral  red  by  B.  typhosus;  at  the  same 
time  the  reducing  power  of  B.  coli  is  considerably 
diminished.  From  column  0.5  H2  SO4  it  will  be  seen 
that  B.  coli  is  not  able  to  alter  the  colour  at  all,  and 
from  columns  0.25  H2  SO4  and  neutral,  that  it  has  capa- 
city for  altering  the  colour  from  magenta  or  iron  red 
to  yellow  within  1 — 2  days.  Table  II  also  shows  that 
the  quantity  of  free  acid  or  alkali  present,  exerts  more 
influence  on  the  results  in  a  glucose  medium,  than  in  one 
that  is  sugar  free.  This  is  a  fact  of  great  importance  and 
since  the  addition  of  V2%  glucose  has  been  recom- 
mended by  former  experimenters,  without  any  reference 
being  made  to  the  amount  of  free  acid  present  in  the 
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TABLE  III.      (1°/0  glucose  bouillon). 


1.25  H,SO4 

0.75  H,SO4 

Neutral 

0.75  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty- 

Co. 

Colour  before  inoculation 

nagenta 

mutfcnta 

nagenta 

magenta 

iron 
red 

iron 
reel 

gold 

gold 

„    1  day  after  „ 

uagenta 

magenta 

magenta 

magenta 

[nagenta 

salmon 
pink 

magenta 

salmon 

pillk 

„    2  days   „ 

- 

• 

• 

• 

» 

red 

• 

• 

„    3     „ 

• 

. 

• 

• 

• 

magenta 
red 

» 

red 

4 

« 

. 

• 

• 

15 

• 

• 

• 

.    6     „      .      . 

• 

n 

»    7     „       „ 

• 

. 

• 

• 

• 

magenta 
red 

„  12     .       .       . 

M 

• 

• 

• 

• 

» 

• 

• 

medium,  the  errors,  arising  from  such  a  factor  being 
overlooked,  are  possibly  very  many. 

From  Tables  III,  IV,  V,  VI  and  VII  it  is  evident,  that 
with  an  increase  in  quantity  of  glucose  to  1,  2,  3,  4  and 
5°/othere  is  a  proportional  decrease  in  the  power  of  B.coli 
to  change  the  colour  from  magenta  to  yellow.  Therefore 
under  these  circumstances,  the  neutral  red  reaction  cannot 
be  applied  to  differentiate  B.  typhosus  and  B.  coli. 

As  Rothberger  and  Scheffler  prefer  to  work  with 
neutral  red  agar,  we  have  also  ascertained  what  effect 
the  kind  and  quantity  of  sugar,  degree  of  acidity  and 
alkalinity  etc.  had  upon  the  results  in  this  medium. 

From  Table  VIII,  in  which  a  shake  culture,  as  proposed 
by  Rothberger,  Scheffler  and  Hunter,  has  been  used,  it  is 
to  be  observed,  that  it  is  only  in  the  column  neutral,  that 
B.  coli  has  been  able  to  change  the  colour  from  red 
to  yellow  within  24  hours.  In  colums  1.5,  1  and  0.5 
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TABLE  IV.      (2  °/0  glucose  bouillon). 


1.5  H.,SO4 

1.25  HgSO4 

1  H2S04 

0.75    H.,SO4 

0.5  H2S 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

, 

Colour  before  inoculation  .  . 

magenta 

magenta 

nagenta 

magenta 

magenta 

magenta 

nagenta 

magenta 

nagenla 

inn< 

„      1  day  after     „         .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

nagenta 

magenta 

nagenta 

r 

red 

„      2  days      „       „ 

i. 

• 

11 

,i 

• 

• 

n 

, 

< 

n         3            „            „           „ 

« 

11 

11 

11 

i. 

.i 

11 

i. 

,.», 

„     4 

« 

11 

• 

11 

> 

i 

„ 

nagenta 

• 

„     5 

„ 

„ 

„      6 

n 

n 

i, 

„ 

„ 

7         „         n 

.. 

•n 

» 

i. 

„ 

11 

11 

„     8 

• 

« 

,,    10 

» 

16 

- 

- 

TABLE   V.      (3  °/0  glucose  bouillon). 


1  H,SO4 

Neutral 

1  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Colour  before  inoculation 

nagenta 

magenta 

iron 
red 

iron 
red 

gold 

gold 

„     1  day  after     „ 

nagenta 

magenta 

nagenta 

magenta 

magenta 

magenta 

„    2  days     „ 

. 

. 

• 

» 

. 

• 

3                    * 

.. 

• 

n 

> 

. 

< 

„    4    „        „ 

• 

* 

. 

- 

« 

• 

„    6    „        „       „ 

•i 

„ 

. 

•i 

n 

11 

7 

n 

T1 

11 

. 

.i 

n 

M                    «                 n 

• 

« 

« 

• 

• 

• 

11           *                    1, 

• 

- 

« 

W 

- 

* 

.'>-,  H.,SO4 

Neutral 

0.25   NaOH 

0.5  NaOH 

0.75    NaOH 

1    NaOH 

1.25   NaOH 

Ty- 

Co. 

Ty- 

Co. 

Ty. 

Co 

Ty 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty 

Co. 

magenta 

iron 

iron 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

red 

red 

red 

magenta 

red 

nagenta 

cherry 
red 

nagenta 

cherry 
red 

nagenta 

red 

nagenta 

red 

magenta 

red 

„ 

„ 

„ 

„ 

, 

t 

magenta 

„ 

cherry 

„ 

„ 

„ 

„ 

red 

red 

.. 

cherry 

„ 

,, 

m 

„ 

„ 

magenta 

„ 

„ 

„ 

M 

„ 

, 

red 

.. 

M 

„ 

„ 

„ 

_ 

„ 

„ 

„ 

magenta 

„ 

„ 

„ 

n 

red 

.. 

• 

• 

~ 

4 

> 

. 

magenta 

.. 

m 

m 

magenta 

M 

„ 

. 

„ 

magenta 

red 

K 

.. 

red 

H 

• 

« 

« 

« 

- 

- 

TABLE   VI.     (4  %  glucose  bouillon). 


1   H,SO4 

Neutral 

1  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Colour  before  inoculation 

nagenta 

magenta 

iron 
red 

iron 
red 

gold 

gold 

„      1  day  after  „ 

nagenta 

magenta 

magenta 

magenta 

magenta 

magenta 

„      2  days     „     „ 

• 

• 

« 

- 

i 

« 

„      3     „         „     „ 

» 

• 

- 

• 

• 

. 

.     4    ,       .    . 

n 

- 

« 

" 

• 

- 

„      6    „        „     „ 

H 

•n 

„ 

• 

, 

» 

7 

« 

- 

• 

> 

• 

- 

„      8    „        „     „ 

n 

„ 

n 

, 

„ 

B 
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TABLE   VII.     (5°/0  glucose  bouillon). 


1  H,SO4 

Neutral 

1  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Colour  before  inoculation 
„       1  day  after  „ 

magenta 
magenta 

magenta 
magenta 

iron 
red 

magenta 

iron 
red 

magenta 

gold 
magenta 

gold 
magenta 

„      2  days     „      „ 

- 

« 

• 

« 

« 

- 

„     3    „        „      „ 

« 

« 

> 

« 

« 

m 

„      4    „        „      „ 

* 

• 

• 

« 

" 

M 

„      6    „        „      „ 

„ 

„ 

„ 

n 

M 

„ 

7 

-     » 

n 

. 

> 

v 

11 

*     8    „        „      „ 

H 

» 

» 

• 

» 

• 

,,    11    »        .  ..  . 

» 

- 

• 

t| 

• 

H 

TABLE   VIII.      (Normal  agar.     Shake  culture). 


1.5  H,SO4 

1  HaSO4 

0.5  H,SC 

Tjr. 

Co. 

Ty 

Co. 

Ty. 

. 

Colour  before  inoculation 

magenta 

magenta 

magenta 

magenta 

magenta 

inagc 

„        1  day  after  „ 

cherry 
red 

cherry 
red  " 

red 

red 

red 

orar 

„       2  days     „      „ 

» 

',2  yellow 
'/a  red 

- 

',2  canary 
1  2  red  ' 

« 

yeff, 

„       8     ..      ,      „ 

• 

" 

11 

- 

" 

- 

»       *'.•'». 

» 

orange 

• 

- 

• 

.     7.   .      .     , 

M 

yellow 

« 

canary 
yellow 

• 

„    11     „      „ 

red 

• 

orange 
red 

yellow 

orange 
red 

ydkj 

—  If,  — 


IX 

H2  S04  the  yellow  colour  does  not  appear  until  after  2 
days  and  then,  only  in  the  upper  half  of  the  medium. 
This  is  a  contradiction  to  the  statements  of  Rothberger 
and  Scheffler,  who  maintain  that  the  colour  change, 
takingplace  in  themedium,neverreachesthe  upper  V2Ctm. 

Thus  it  is  obvious,  that  the  results,  obtained  in  either 
bouillon  or  agar,  are  dependent  upon  just  the  same 
factors,  though  in  the  latter  medium  the  differences 
are  not  so  striking.  This  is  quite  in  accordance  with 
our  view,  that  the  reaction,  if  it  occurs  at  all,  is  best 
marked  in  bouillon. 

In  Table  IX,  where  a  stab  culture  was  used,  the  appear- 
ance of  the  reaction  was  both  slower  and  less  certain 
than  with  a  shake  culture.  Therefore  the  use  of  the 
latter  is  to  be  preferred  if  agar  is  employed  as  the  me- 
dium. The  results  with  stab  cultures  however  show 


Neutral 

0.5  NaOH 

1  NaOH 

1.5  NaOH 

i'y. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

oil 

•ed 

iron 
red 

gold 

gold 

gold 

gold 

gold 

gold 

•ed 

yellow 

orange 
red 

yellow 

gold 

gold 

pale 
gold 

pale 
gold 

" 

canarv 
yellow 

red 

canary 
yellow 

" 

« 

« 

» 

• 

« 

« 

cherry 
red 

caiuirv 
yellow 

« 

" 

W 

" 

» 

» 

red 

- 

« 

« 

n 

- 

orange 
red 

• 

orange 
red 

« 

- 

" 

ngc 
ml 

- 

yellow 

« 

yellow 

« 

yellow 

- 

. 
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just  the  same  variations,  due  to  a  different  degree  of  aci- 
dity etc.  etc. 


TABLE   IX.     (Normal  agar.     Stab  culture). 


l.o  H 

[2SO4 

1  Hs 

S04 

0.5  I 

[.sol 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

E 

Colour  before  inoculation 

magenta 

magenta 

magenta 

magenta 

magenta 

",:: 

red 

red 

red 

red  " 

red 

„      2  days     „     „ 

- 

« 

" 

- 

« 

3 

« 

orange 
red 

» 

- 

« 

1 

6                    „ 

« 

orange 

• 

orango 
red 

« 

'2  r 
"2cany 

„    10      „       „     „ 

" 

yellow 

orange 
red 

orange 

orantfo 
red 

TABLE   X. 


glucose  agar.  Shake  culture). 


1.5   H2SO4 

1  H2S04 

0.5  HgSC 

Ty. 

Co. 

Tjr- 

Co. 

Ty. 

Colour  before  inoculation 

magenta 

magenta 

magenta 

magenta 

magenta 

ni:i«i' 

„      1   day  after  „ 
„      2  days     .     „ 

cherry 

red 

cherry 
red 

!';*canary 
'/i  red" 

cherry 

red' 

cherrv 
red 

chem 

red  " 

diet 

*     3      „      „     „ 

« 

• 

• 

» 

« 

T 

„      4      „      *     * 

H 

canary 
yellow 

« 

orange 
red 

« 

„      7      „      „     „ 

- 

• 

« 

canary 
yellow 

» 

„     11       „      ,    . 

« 

« 

« 

" 

- 
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Table  X  shows  that  in  agar  also,  the  presence  of  Va% 
glucose  weakens  the  power  of  B.  coli  to  alter  the  colour 


Neutral 

0.5  NaOH 

1.0  NaOH 

1.5  NaOH 

*. 

Co. 

Ty. 

Co. 

Ty 

Co. 

Ty 

Co 

iron 
reel 

iron 
red 

gol.l 

gold 

gold 

gold 

gold 

gold 

red 

i 

red 

'i!  red 
1  3  canary 

orange 
red 

red 

'/a  red 
'/2  canary 

orange 

orange 

yellow 

» 

yellow 

« 

» 

• 

« 

• 

salmon 
pink 

yellow 

• 

« 

w 

• 

• 

• 

• 

• 

« 

• 

>rangc 
red 

• 

« 

yellow 

• 

« 

- 

• 

Neutral 

0.5  NaOH 

1  NaOH 

1.5  NaOH 

Ty. 

Co. 

Ty, 

Co. 

Ty. 

Co. 

Ty. 

Co. 

iron 

iron 

gold 

gold 

gold 

gold 

gold 

gold 

red 

red 

berry 
red 

cherry 
red 

cherry 
red 

cherry 
red 

cherry 
red 

cherry 
red 

cherry 
red 

orange 

orange 
red 

« 

canary 
yellow 

" 

canary 

yellow 

• 

canary 
yellow 

.. 

canarv 

yellow 

« 

« 

• 

• 

« 

» 
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from  red  to  yellow,  therefore  the  quantity  of  free  acid 
present  here  must  also  be  carefully  estimated. 

Bouillon  is  used  for  all  the  following  experiments, 
as  the  comparison  of  the  colours  is  much  easier  and 
their  shades  are  more  decided. 

Having  followed  the  effect  produced  by  different 
quantities  of  acid,  alkali,  and  glucose,  which,  to  a  cer- 
tain extent  can  also  be  reduced  by  B.  typhosus,  we 
found  it  of  interest  to  ascertain  what  effect  the  presence 


TABLE  XI.      (Vg°/o    lactose  bouillon). 


1.5  H2SO4 

1.25  H2SO4 

1  H2SO4 

0.75  H2SO4 

0.5  H.,S()4 

Ty. 

Co. 

Ty. 

Co. 

Ty 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Colour  before  inoculation  .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magcn 

„        1  day  after   „          .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

cherry 

magenta 

magenta 

magenta 

red 

red 

2  days     „ 

« 

n 

« 

« 

cherry 
red 

orange 
red 

red 

red 

cherry 
red 

orangi 
yellov 

0 

n           «           <i           *          » 

„ 

. 

„ 

magenta 

red 

B 

salmon 

orange 

orangi 

red 

pink 

red 

„      4      „      „      „ 

« 

magenta 
red 

« 

red 

orange 
red 

red 

orange 

» 

orange 

- 

„      5      „      „      „ 

„      6      „      „      „ 

yellow 

w           *            YI           •»          n 

. 

„ 

magenta 

red 

„         11           „           „          „ 

„ 

„ 

orange 

orange 

. 

reel 

»     12      „      „      „ 

orange 

yellow 

» 

yellow 

„     16      „       „      „ 
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of  lactose  would  have,  as  this  sugar  is  not  reduced  by 
B.  typhosus,  at  least  by  none  of  the  strains  used  by  us. 
From  Table  XI  it  is  seen  that  in  a  y2  %  lactose  bouillon 
of  different  acidity  and  alkalinity,  the  power  of  B.  coli  to  al- 
ter the  colour  is  much  weakened,  (compare  Table  I,  normal 
bouillon)  but  at  the  same  time  the  power  of  B.  typhosus  to 
alter  the  colour  has  increased  very  considerably,  so  that 
in  the  course  of  a  few  days  the  colour  of  the  tubes  of 
B.  typhosus  and  B.  coli  has  become  almost  the  same. 


0.25  H,SO4 

Neutral 

0.25  NaOH 

0.5  NaOH 

0.75  NaOH 

1  NaOH 

1.25  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

nagcnta 

iiagenta 

iron 
red 

iron 
red 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

nagcnta 
red 

canary 

yellow 

salmon 
pink 

red 

orange 
red 

canary 
yellowr 

cherry 
red 

red 

cherry 
red 

red 

orange 
reu 

salmon 
pink 

cherry 
red 

red 

orange 

rod 

« 

« 

yellow 

« 

» 

red 

orange 
yellow 

red 

orange 
yellow- 

» 

canary 
yellow 

red 

orange 
yellow 

» 

" 

orange 
yellow 

« 

• 

« 

orange 
yellow 

orange 

orange 
yellow 

yellow 

» 

« 

orange 

canary 
yellow 

orange 
yellow 

« 

yellow 

i 

yellow 

» 

« 

- 

» 

• 

» 

« 

• 

" 

" 

» 

- 

« 

orange 

orange 

yellow 

» 

- 

• 

" 

• 

« 
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TABLE  XII.     (1  %  lactose  bouillon). 


1.25  H,SO4 

0.75  HVSO4 

Neutral 

0.75  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co 

Colour  before  inoculation 

magenta 

magenta 

magenta 

magenta 

iron 
red 

iron 
red 

gold 

gold 

„      1  day  after  „ 

tnagenla 

magenta 

magenta 

magenta 

salmon 
pink 

orange 

orange 
red 

orange 

„     2  days   „       „ 

» 

« 

red 

red 

» 

• 

« 

yellow 

„     3 

magenta 
red 

red 

salmon 
pink 

- 

» 

• 

orange 

salmon 
pink 

„     4     „ 

red 

" 

orange 

magenta 
red 

orange 

salmon 
pink 

« 

" 

»     6     „ 

yellow 

> 

.     7     .      „      . 

orange 
reel 

magenta 
red 

yellow 

red 

yellow 

red 

„   12     „ 

yellow 

» 

» 

• 

« 

" 

• 

« 

TABLE  XIII.      (2°;o  lactose  bouillon). 


1.5  H2SO4 

1.25  H2SO4 

1  H2S04 

0.75  H,SO4 

0.5  H2S04 

Ty- 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Colour  before  inoculation  .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

„        1  day  after   „          .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

red 

magenta 

red 

magenta 

orange 

red 

red 

2  days     „      „ 

- 

• 

red 

red 

magenta 
red 

orange 
red 

orange 
red 

orange 
yellow 

cherry 

red 

ciraiijif 
yellow 

„      3      „ 

magenta 
red 

red 

salmon 
pink 

- 

red 

red 

« 

orange 
red 

orange 
red 

onince 
red 

.*.,.. 

red 

" 

orange 

magenta 
red 

orange 

» 

orange 

red 

orange 

red 

,     5     „      .     „ 

„ 

„ 

»      6      „      „      „ 

yellow 

. 

orange 

magenta 

- 

yellow 

„   7   „    „  ; 

orange 

magenta 

t 

„ 

m 

red 

red 

„      8      „      „      „ 

yellow 

« 

,    10      .      „      „ 

. 

„     11       „      „ 

B 

»    12 

yellow 

« 

« 

• 

« 

» 

»    16      „ 

11 

IX 


Here  also  the  influence  of  varying  acidity  and  alka- 
linity is  clearly  exhibited  in  the  obtained  results. 

From  Tables  XII,  XIII  and  XIV,  where  the  quantity 
of  lactose  added  is  respectively  1,  2  and  3%  it  will  be 
seen,  that  with  an  increasing  quantity  of  lactose  the  capa- 
city of  B.  typhosus  to  alter  the  red  colour  to  yellow  increa- 
ses, while  the  power  of  B.  coli  decreases.  This  is  an  im- 
portant fact.  From  it  arises  the  possibility  of  using  neu- 
tral red  as  a  means  for  distinguishing  B.  typhosus  from 
B.  coli.  The  reaction  modified  in  this  way,  (i.  e.  3  % 
lactose  neutral  red  bouillon)  though  it  cannot  be  regar- 
ded as  an  infallible  test,  gives  more  equable  and  reliable 
results  than  that  recommended  by  the  earlier  investi- 
gators, at  all  events,  this  has  been  the  case  with  those 
bacilli,  which  we  have  had  at  our  disposal. 


).25  H,SO4 

Neutral 

0.25  NaOH 

0.5  NaOH 

0.75  NaOH 

1   NaOH 

1.25  NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty 

Co. 

Ty. 

Co. 

Ty. 

Co 

Ty. 

Co. 

Ty. 

Co. 

j»gen,a 

magenta 

iron 
re<l 

iron 
red 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

red 

orange 
red 

salmon 
pink 

red 

red 

orange 
red 

red 

orange 
red 

orange 

orange 
red 

magenta 

orange 
red 

orange 

red 

orange 
yellow 

» 

salmon 
pink 

• 

• 

- 

orange 

yellow 

- 

salmon 
pink 

orange 

» 

salmon 
pink 

Tiller 

red 

orange 
red 

orange 

red 

orange 

red 

rcil 

orange 

red 

- 

« 

red 

orange 

" 

orange 
yellow 

red 

irange 

; 

" 

orange 

orange 

M 

" 

B 

yellow 

salmon 
pink 

11 

» 

•• 

red 

„ 

• 

„ 

• 

., 

red 

H 

„ 

„ 

„ 

M 

yellow 

magenta 
red 

M 

" 

" 

11 

" 

" 

« 

" 

» 

magenta 
red 

•• 

» 

« 

« 

• 

" 

red 

orange 
red 

IX 


TABLE  XIV.      (3  %  lactose  bouillon). 


1.5  H2SO4 

1.25    H.,SO4 

1  H,SO4 

0.75    H,S04 

0.5  H.  SO4  f 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Colour  before  inoculation  .  . 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

magenta 

niageol 

„      1  day  after  „           .  . 
„      2  days     „     „ 

magenta 

magenta 

magenta 

magenta 
red 

magenta 

magenta 
red 

red 

magenta 
red 

red 

magenta 

red 

*      3      „       „     „ 
„     4              »     * 

« 

red 

magenta 

red 

orange 
red 

red 

orange 

magenta 

orange 
red 

orange 

- 

5 

„     6             „    „ 

.     7              „     „ 

orange 

orange 

orange 
yellow 

magenta 
red 

yellow 

magent: 
red 

„   10      ,       .    . 

yellow 

« 

» 

magenta 

.14,,. 

n 

n 

- 

• 

• 

« 

„    18      „       „     „ 

« 

» 

• 

« 

• 

- 

TABLE  XV.      (V4  °/o  glucose  bouillon). 


Neutral 

Ty., 

Ty., 

Ty.3 

Ty.4 

Co, 

Co* 

Co.3 

Co., 

Colour  before  inoculation 

iron 
red 

iron 
red 

iron 
red 

iron 
red 

iron 
red 

iron 
red 

iron 
red 

iron 
red 

„     1  day  after  „ 

magenta 

magenta 

magenta 
red 

magenta 

magenta 

salmon 
pink 

yellow 

magenta 

„     2  days    „     „ 

• 

• 

orange 

" 

red 

yellow 

. 

red 

.:.t..;-. 

• 

> 

- 

» 

'• 

» 

n 

magenta 
red 

„    4     „     „    . 

• 

• 

» 

• 

« 

• 

• 

magenta 

.     7      .      „     „ 

• 

• 

» 

» 

magenta 

. 

orange 
yellow 

* 

,,12      „      .     „ 

• 

• 

« 

" 

" 

• 

orange 

" 

IX 


0.25   H.,S04 

Neutral 

0.25   NaOH 

0.5   NaOH 

0.75   NaOH 

1  NaOH 

1.25   NaOH 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

Ty. 

Co. 

magenta 

magenta 

iron 

iron 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

gold 

red 

red 

magenta 
red 

red 

magenta 

red 

cherry 
red 

red 

red 

orange 

cherry 
red 

orange 
red 

salmon 
pink 

red 

cherry 
red 

orange 

prange 

reel 

orange 
red 

red 

« 

orange 

orange 
reel 

salmon 
pink 

» 

orange 
red 

orange 

" 

« 

» 

• 

orange 

magenta 

orange 

orange 

orange 

magenta 

red 

red 

yellow 

red 

brnnge 

yellow 

magenta 
red 

orange 
yellow 

« 

orange 
yellow 

magenta 
red 

orange 
yellow 

red 

orange 

orange 
red 

yellow 

orange 
red 

• 

yellow 

„ 

yellow 

magenta 

„ 

„ 

red 

yellow 

yellow 

cherry 

orange 

cherry 

red 

red 

" 

- 

magenta 

• 

» 

» 

- 

• 

- 

Thus  Table  XV  shows  clearly  with  what  irregularity 
and  dissimilarity  4  different  strains  of  B.  coli  will  reduce 
the  Va%  glucose  neutral  red  bouillon  as  Co.j  and  Co.4 
were  not  able  to  alter  it  at  all.  On  the  other  hand 
Table  XVI  shows,  that  in  a  normal  neutral  red  bouillon, 
both  of  these  strains,  as  well  as  the  other  two,  change 
the  colour  from  iron  red  to  a  bright  canary  yellow 
within  24  hours.  At  the  same  time  two  of  the  strains 
of  B.  typhosus  (Ty.2  and  Ty.4)  are  seen  to  produce  an 
orange  colour.  So  though  a  colour  contrast  may  be  said 
to  exist,  it  is  not  a  decided  one. 


IX 


TABLE  XVI.     (Normal  bouillon). 


Neutral 

TJM 

Tyj 

Ty* 

TV  4 

Co., 

Co-a 

CO.3 

G0.4 

Colour  before  inoculation 

iron 

iron 

iron 

iron 

iron 

iron 

iron 

iron 

red 

red 

red 

red 

red 

red 

red 

red 

„     1  day  after  „ 

red 

orange 

salmon 
pink 

orange 

canary 

yellow 

canary 
yellow 

canary 
yellow 

canary 
yellow- 

*     2  days    „     „ 

« 

• 

« 

orange 
yellow 

• 

yellow 

yellow 

yellow 

„    3    „       „    „ 

orange 

„ 

orange 

yellow 

?) 

M 

reu 

4 

• 

orange 

» 

« 

VI 

« 

» 

n 

yellow 

r>        *        B              w        « 

orange 

yellow 

yellow 

• 

yellow 

» 

• 

- 

.  12    ,       .    , 

• 

• 

. 

r> 

» 

. 

• 

• 

When  3%  lactose  neutral  red  bouillon  (Table  XIV) 
is  used,  the  reaction  takes  place  in  the  following  way: 
B.  typhosus  gradually  changes  the  colour  of  the  medium 
to  yellow,  passing  through  the  stages  of  red,  orange  red 
and  orange.  The  ultimate  yellow  colour  is  retained  for 
months. 

B.  coli,  on  the  other  hand,  changes  the  colour  to 
red  even  if  the  medium  is  alkaline,  and  though  it  may 
produce  decoloration  during  the  first  few  days  in 
the  acid  and  neutral  media,  a  red  colour  is  gradually 
regained  and  an  ultimate  shade  of  magenta  is  obtained 
and  preserved  unaltered.  The  reaction,  as  modified 
by  us,  has  the  disadvantage,  that  it  does  not  occur  until 
between  the  4th — 6th  day,  otherwise  there  is  much  to 
be  gained  by  its  use  as: 


IX 

1)  The  results  are  permanent. 

2)  It  is  possible  to  distinguish  certain   varieties    of 
the  coli   and  typhoid   groups,  which  cannot  be   differ- 
entiated by  the  method,  as  formerly  used. 

3)  The  results  are  not  dependent  to  the  same  extent 
upon   the   degree  of  acidity   and  alkalinity  of  the  me- 
dium. 

Table  XIV  furnishes  proof  for  the  last  statement. 
Though  in  the  results,  there  are  slight  variations  both 
in  the  ultimate  shade  of  colour  and  the  time  of  its 
production,  the  reaction  never  failed  to  occur  whether 
the  bouillon  was  strongly  acid  (1.25  H2  So4),  intensely 
alkaline  (1.25  NaOH)  or  of  intermediate  degrees  of 
acidity  and  alkalinity. 

Whatever  may  have  been  the  colour  of  the  medium 
before  inoculation,  whether  yellow  or  red,  (i.  e.  acid, 
neutral  or  alkaline  reaction)  B.  typhosus  always  pro- 
duced a  yellow  and  B.  Coli  a  magenta  or  red  colour.  Thus 
the  colour  changes  here,  are  vice  versa  to  those  of  the 
old  method,  where  B.  coli  changed  the  colour  to  canary 
yellow,  and  B.  typhosus  left  it  unaltered,  red. 

As  it  is  seen  from  our  experiments  (Table  XVII  and 
XVIII)  the  reaction,  though  it  does  occur  in  4%  and  5% 
lactose  bouillon,  is  observed  with  the  greatest  rapidity 
and  most  distinctly  in  8%  lactose  bouillon.  Thus  it 
is  evident,  that  the  latter  %  lactose  is  the  best,  and,  as 
far  as  our  experience  goes,  the  only  one  to  be  recom- 
mended. A  lower  °/0  than  5%  should  never  be  used,  as 
the  reaction  either  does  not  occur  or  becomes  variable 
and  unreliable  as  for  example  in  1%  and  2%  lactose 
bouillon  (Table  XII  and  XIII). 
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TABLE  XVII.     (4°/0  lactose  bouillon). 


1  H2SO4 

Neutral 

1  NaOH 

Ty. 

Co. 

Ty- 

Co. 

Ty. 

Co. 

Colour  before  inoculation 

nagentji 

magenta 

iron 
red 

iron 
red 

gold 

gold 

„       1  day  after  „ 

magenta 

red 

magenta 

red 

magenta 

salmon 
pink 

„      2  days     „      „ 

» 

orange 
red 

red 

» 

red 

yellow 

«      3     *        „      - 

- 

red 

» 

salmon 
pink 

salmon 
pink 

salmon 
pink 

«      4     „        „      „ 

i) 

• 

• 

• 

yellow 

• 

6 

orange 

magenta 

orange 
red 

red 

- 

red 
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TABLE  XIX.      (Normal  bouillon). 
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TABLE   XVIII.      (5°/u  lactose  bouillon). 
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TABLE  XX.      (>/2  °o  glucose  bouillon). 
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When  different  micro-organisms  such  as  B.  Fried- 
laenderi,  B.  cholerae  gallinarum,  Vb.  Metchnikoff',  Vb. 
cholerae,  Staph.  pyogenes  albus,  Tetragenus,  Sarcina 
aurantiaca,  B.  pyocyaneus,  Coccob.  prodigiosus,  B.  diph- 
theriae  and  B.  megatherium  were  cultivated  in  normal 
and  in  Vz%  glucose  neutral  red  bouillon,  (Table  XIX 
and  XX)  it  became  evident  that  in  the  latter  medium 
B.  Friedlcenderi  was  able  within  24  hours  to  alter  the 
colour  from  red  to  canary  yellow  or  yellow,  with  the 
same  or  even  a  greater  certitude  than  B.  coli.  This 
fact  is  in  direct  opposition  to  the  statements  of  Roth- 
berger,  Hunter  and  Makgill,  who  all  affirm  that  B. 
Friedlsenderi  is  not  able  to  produce  such  a  change. 
From  Table  XXI  it  is  seen  that  if  8%  lactose  neutral 
red  bouillon  is  inoculated  with  the  same  series  of 
bacilli,  B.  Fricdhenderi  and  B.  pyocyaneus  are  able  to 
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alter  the  colour  and  produce  the  yellow  shade  just  as 
well  as  B.  lyphosus.  So  that  the  power  of  changing  the 
colour  in  3  °/0  lactose  bouillon  is  not  specific  to  the  latter 
bacillus. 

Finally,  we  wished  to  decide  which  of  the  two  media 
V2°/o  glucose  or  «i%  lactose  neutral  red  houillon  was 
the  hest  to  employ  for  distinguishing  the  hacilli  of  the 
typhoid  group  from  those  belonging  to  the  coli  group. 
For  the  purpose  of  making  this  point  clear,  contem- 
poraneous experiments  were  made  with  a  typical  B.  coli 
and  B.  typhosus  and  a  number  of  bacilli  closely  related 
to  each. 

These  strains  have  all  been  carefully  studied  and 
the  characteristics  of  each  accurately  observed  by  Lector 
Jensen  of  the  Veterinary  College,  Copenhagen,  who  has 
not  only  kindly  provided  us  with  the  above  named 
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TABLE  XXI.     (3  °/o  lactose  bouillon). 
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cultures,  but  has  also  placed  his  knowledge  entirely  at 
our  service.  For  this  and  other  valuable  assistance  we 
tender  him  our  best  thanks. 

The  bacilli  examined  were  2  varieties  of  the  ty- 
phoid group  (Sv.18  and  49b)  and  3  belonging  to  the 
coli  group  (KE15  34,  and  51b). 

Of  the  typhoid  group  neither  variety  produced  fer- 
mentation in  a  lactose  medium.  Sv.18  produced  alkali 
to  the  same  extent  as  the  B.  typhosus  used,  while  49b 
was  a  stronger  alkali  former. 

Each  one  of  the  coli  varieties  fermented  lactose.  34 
and  KEj  produced  acid  to  a  mean  degree,  but  KEj  at 
the  same  time  formed  a  considerable  amount  of  alkali. 
51  b  was  a  strong  acid  former. 

From  Table  XXII  where  a  ]/2  %  glucose  neutral  red 
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TABLE  XXII.      ('/,  I"  glucose  bouillon.) 
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bouillon  has  been  used,  it  will  be  seen,  that  it  is  quite 
impossible  to  ascertain  to  which  group,  typhoid  or  coli, 
the  abo\re  named  bacilli  belong,  as  their  power  to  pro- 
duce a  colour  change  is  tinder  these  circumstances 
nearly  the  same.  The  difference  in  colour  produced  by 
the  true  B.  typhosus  and  B.  coli  employed  for  these 
experiments  is  also  so  slight,  that  it  would  be  quite 
impossible  to  distinguish  them  in  this  way. 

Quite  different  results  are  obtained  from  the  same 
strains  of  bacilli  in  3%  lactose  neutral  red  bouillon 
(Table  XXIII).  From  column  neutral,  0.5  and  1  NaOH 
it  is  thus  seen  that  B.  typhosus  and  the  2  bacilli  of  the 
typhoid  group  produce  a  yellow  colour  as  a  final  result. 


TABLE   XXIII.      (3%  lactose  bouillon). 
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while  B.  coli  and  the  3  bacilli  of  the  coli  group  produce 
a  magenta  red  colour.  In  column  0.5  and  1  H2S04  a  yellow 
colour  is  produced  by  Ty.  and  49b  of  the  typhoid  group, 
but  it  is  seen  on  the  other  hand  that  Sv.18,  the  second 
member  of  the  typhoid  group,  keeps  the  red  colour  just 
in  the  same  way  as  B.  coli  and  the  3  members  of  the 
coli  group.  Thus  we  have  also  here  a  strong  proof  of 
the  importance  of  estimating  the  quantity  of  free  acid 
if  a  neutral  red  medium  is  used  for  differentiating  these 
groups,  though  it  may  be  of  much  less  consequence  in 
of  3  °/0  lactose  than  in  a  '/2  %  glucose  medium. 

From  Table  XXIII  it  will  be  seen  that  the  different  va- 
rieties of  the  typhoid  or  coli  group,  whether  they  are 
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strong,  medium  or  weak  acid  or  alkali  formers,  will  pro- 
duce the  colour  change.  The  latter  is  not  dependent  only 
upon  a  change  of  reaction.  If  this  were  so,  the  strong 
acid  former  of  the  coli  group  would  turn  the  colour 
red  or  magenta  before  the  weak  acid  former,  which  is 
not  found  to  be  the  case,  as  51b  produced  the  colour 
change  at  a  later  date  than  KEX  in  spite  of  this  (KEj) 
forming  in  addition  to  the  acid  a  considerable  amount 
of  alkali;  on  the  other  hand  it  appeared  that  in  the  ty- 
phoid group  the  strongest  alkali  producer  was  the  first 
to  give  the  colour  reaction. 

Yet  by  comparing  this  result  with  the  changes  cau- 
sed by  the  coli  variety  KE:,  which,  as  before  stated, 
produced  alkali  to  the  same  extent  as  B.  typhosus,  but 
nevertheless  changed  the  colour  to  magenta,  we  cannot 
regard  the  reaction  as  due  to  the  quantity  of  alkali  pro- 
duced. Still  further  evidence  is  supplied  by  the  fact, 
that  although  in  the  final  results,  a  red  and  a  yellov 
colour  of  the  medium  will  signify  an  acid  and  an 
alkaline  reaction  respectively,  in  the  intermediate  stages 
of  colour  change  produced  by  the  typhoid  group,  a 
varying  shade  of  red  may  occur  in  the  originally  neu- 
tral or  alkaline  media,  but  yet  the  reaction  be  alkaline. 
Whereas  with  the  coli  group,  in  the  originally  neutral 
and  alkaline  media  the  reaction  is  acid,  though  the  co- 
lour in  the  intermediate  stages  may  be  a  varying  shade 
of  yellow,  as  shown  by  51b.  (In  the  Tables  +  and  + 
signify  acid  and  alkaline  reaction  respectively). 

It  is  at  present  quite  impossible  to  know  how  to 
account  for  the  difference  in  the  power  possessed  by 
B.  typhosus  and  B.  coli  to  produce  colour  change  in 
3%  lactose  neutral  red  bouillon.  The  experiments  we 
have  made  in  this  direction  not  having  yielded  suffi- 
ciently definite  results,  we  can  only  say  that  the  occur- 


-  36 


IX 

rencc  of  the  reaction  seems  to  depend  partly  upon  a 
formation  of  alkali  or  of  acid  and  partly  upon  a  direct 
decomposition  of  the  neutral  red  itself,  since  as  a  rule 
it  is  not  possible  to  regain  the  original  red  or  yellow 
colour  either  by  the  addition  of  acid  or  alkali  or  by 
oxidation. 

Conclusions. 

(1).  The  difference  in  the  power  of  IB.  typhosus  and  IB. 
coli  to  produce  the  respective  colour  changes  in 
neutral  red  is  a  quantitative  and  not  a  qualitative 
one. 

(2).  If  any  reliance  at  all  can  be  placed  upon  the  neu- 
tral red  method,  as  proposed  by  former  investigators 
the  following  points  must  be  borne  in  mind. 

(a)  IB.  typhosus  can  within   certain    limits    produce 
similar  colour  changes  as  B.  coli. 

(b)  The  results  obtained  must  be  supplemented  with 
other  tests. 

(c)  Glucose  free  bouillon  is  preferable  to  agar.  The 
media    must    be    exactly    titrated,    as    a   certain 
quantity  of  free  acid  will  prevent  the  occurrence 
of  the  reaction. 

(d)  Media  containing  Va°/o  glucose   or  more,  must 
be  avoided. 

(e)  Even  under  the  above  conditions,  it  is  not  pos- 
sible to  use  the  method  for  distinguishing  mem- 
bers of  the  typhoid  group   from   those  of  the 
coli  group. 

(3).  For  the  differentiation  of  IB.  typhosus  and  B.  coli 
by  means  of  neutral  red,  the  best  medium  to  employ 
is  3%  lactose  bouillon  to  which  0.5%  of  1  %  wa- 
tery neutral  red  (Griibler)  has  been  added. 
Within  4 — 6  days  B.  typhosus  will  produce  a  decided 
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yellow  colour  and  B.  coli  a  red  colour,  the  original 
colour  of  the  medium,  due  to  differences  in  reaction, 
being  quite  immaterial  to  the  final  results. 

Although    this    method    possesses    the    following 
advantages : 

(a)  The  results,  in  comparison  to  those  of  the  older 
method,  are  dependent,  to  a  minor  degree  only, 
upon  the  quantity  of  free  acid  or  alkali  present 
in  the  medium. 

(b)  When  once  the  typical  colours  have  been  obtain- 
ed, no  further  alteration  lakes  place. 

(c)  It   is  possible  to  differentiate  certain    members 
of  the  typhoid  and  coli  groups  which  could  not 
be  diagnosed  by  the  former  method. 

it  must  be  remembered  that: 

(a)  Possibly  some  strains  of  B.  typhosus  and  B.  coli 
will  not  produce  the  colour  change. 

(b)  Different  stocks  of  neutral  red  do  not  seem  to 
be  equally  reducible. 
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X. 

VILHELM  JENSEN 

HISTOGENESIS  OF  THE  NODULES 

PRODUCED  BY  SUBCUTANEOUS  INJECTION  OF 

SACCHAROMYCES  NEOFORMANS  SANK. 


In  works  dealing  with  pathogenetic  forms  of  yeast  no 
mention  is  made,  as  far  as  I  know,  of  the  changes 
that  occur  in  the  tissues  at  the  point  of  inoculation  at 
the  time  immediately  after  the  inoculation.  I  have  now, 
at  the  suggestion  of  Professor  Salomonsen,  taken  this 
question  in  hand. 

Earlier  investigators  have  wailed  till  the  death  of 
the  inoculated  animals  before  making  their  resear- 
ches, or,  if  death  did  not  result,  they  have  confined 
I  hemselves  to  the  examination  of  the  nodules  in  an  advanced 
stage  of  development.  The  fact  that  these  nodules  are 
generally  called  ,,tumors",  although  it  is  acknowledged 
that  the  greater  part  of  them  consist  of  yeast  lying 
in  a  mesh  of  connective  tissue,  makes  it  all  the  more 
desirable  that  they  should  be  examined  more  closely. 

Sanfelice  gives,  in  his  first  paper  on  Saccharomyces 
neoformans  (Zeitschrift  fur  Hygiene,  vol.  XXI  p.  40), 
the  following  account  of  a  microscopical  examination 
of  the  nodules.  ,,Die  Geschwiilste  .  .  .  lassen  ein  Netz 
von  jungem  Bindegewebe  erscheinen  in  dessen  Maschen 
sich  hier  einige  wenige,  dort  zahlreiche  zellige  Elemente 
finden,  welche Lymphkorperchen  ahnlich  sehen,  und deren 
Kern  meist  an  die  Peripheri  des  Zellkorpers  gedrangt 
ist.  Neben  diesen  Elementen  kommen  so  zahlreiche 
Parasiten  vor,  dass  man  sagen  kann,  die  Geschwulst 
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werde  vielmehr  durch  die  parasitaren  Elemente  als  durch 
Gewebe  gebildet. 

An  einigen  Stellen  sind  die  Zellenelemente  haufen- 
weise  neben  einander  gclagert,  und  einige  haben  inner- 
halb  ihres  Korpers  junge  Parasiten  eingeschlossen.  Die 
Kerne  der  Zellenelemente  sind  meist  rund  und  zeigen 
keine  Andeutung  der  Fragmentation. 

Der  grosste  Theil  der  Parasiten  liegt  frei,  und  einige 
von  ihnen  sind  gut  gefarbt,  andere  erscheinen  hyalin 
ohne  Spur  von  Farbung." 

Page  47:  Jn  der  Haut,  welche  die  Geschwulst  des 
Unterhautbindegewebes  bedeckt,  und  in  den  unter  dem- 
selben  gelegenen  Muskeln  konnte  ich  keine  Verander- 
ungen  bemerken." 

I  have  myself  during  the  last  few  years  made  a 
great  many  inoculations  into  guinea-pigs  and  rabbits 
with  different  pathogenetic  yeasf  forms.  These  experi- 
ments will  be  published  elsewhere.  Here,  where  I 
intend  to  deal  exclusively  with  histological  changes  at 
the  point  of  inoculation  in  order  to  gain  insight  into 
the  development  of  the  yeast  nodules,  I  shall  only  call 
attention  to  a  few  of  these  earlier  results:  The  nodules 
at  the  point  of  inoculation  are  rarely  larger  than  dates, 
often  smaller;  this  size  is  reached  after  a  little  more 
than  a  fortnight;  about  three  weeks  after  the  inocula- 
tion the  outer  skin  died  away  and  pealed  off  like  a 
scab  leaving  an  open  wound  with  thickened  edges  and 
ground;  this  wound  might  heal,  leaving  a  rather  large 
flat,  hairless  scar,  that  is,  if  the  animal  had  not  died 
at  the  inoculation;  this  happened  very  seldom. 

The  weight  of  the  animal  remained  the  same  or  only 
increased  a  little  during  the  first  few  days  until  the 
sixth  or  seventh  day,  when  it  commenced  to  decrease 
at  the  same  time  as  the  lymph  nodules  in  the  groin 
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increased  so  much  that  they  could  be  felt.  Then  the 
weight  decreased  till  death,  or  till  the  wound  healed. 

The  investigations  which  I  am  now  going  to  describe, 
have  been  made  on  in  all  thirteen  guinea-pigs,  and  fol- 
low the  changes  which  took  place  from  3'/2  hours  after 
the  inoculation  up  to  the  35th  day. 

The  three  first  guinea-pigs  weighed  each  500  grammes, 
the  ten  last  ones  300  grammes.  For  inoculating  I  used 
a  5 — 7  days  old  culture  of  Sacch.  neoformans  Sanf.  on 
a  malt  agar  surface,  suspended  in  a  0,7%  solution  of 
common  salt,  in  such  a  quantity  that  the  liquid  became 
of  a  milky  appearance.  Of  this  milky  fluid  V2  ccm. 
was  inoculated  under  the  skin  in  the  centre  of  the  right 
side  of  the  abdominal  walls. 

The  animals  were  killed  by  chloroform  at  the  end 
of  the  stated  periods,  and  the  whole  abdomen  was  pla- 
ced, during  24  hours,  in  a  saturated  watery  sublimate 
solution;  it  was  then,  during  24  hours,  washed  in  run- 
ning water  and  was  cut  into  horizontal  strips,  that  were 
hardened  in  alcohol  of  increasing  strength  and  then 
embedded  partly  in  paraffin,  partly  in  celloidin.  The 
paraffin  sections  were  smoothed  out  with  hot  water 
and  mounted  on  slides  by  means  of  albuminous  water. 
On  examining  the  sections  it  was  necessary  to  use 
many  different  staining  methods. 

A  combination  of  staining  with  lithium  carmine  and 
Claudius'  methyl  violet  picric  acid  [I]  proved  to  be  the 
best  method  for  showing  the  way  in  which  the  yeast 
cells  were  embedded  in  the  tissues.  The  receipt  is  as 
follows:  lithium  carmine  2  min.  -  -  hydrochloric  alcohol 
10-20  min.  1  %  watery  solution  of  methylviolet 

[GB]  y2-l  min.  half-saturated  watery  picric  acid  '/2 
min.  quick  rinsing  with  absolute  alcohol  -  clove 
oil  for  decoloration  --xylol  —  balsam.  Between  the  diffe- 
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rent  stages  of  staining  the  preparation  is  pressed  with 
filtration  paper.  The  results  of  this  staining  are  very 
fine,  hut  it  can  he  used  only  with  mounted  paraffin 
sections,  the  celloidin  being  unable  to  withstand  the 
clove  oil  treatment. 

Moreover,  the  following  stains  were  used:  W dyer  is 
fibrin  staining  [II]  and  elastin  staining  |III|;  thionin,  which 
especially  when  using  1  %  acetic  acid  between  the  stain- 
ing and  the  dehydration  with  alcohol  produces  a  very 
fine  preparation,  hcematoxyline  and  van  Gieson's  stain 
[V]  or  eosin  [VI];  by  way  of  experiment,  as  stated  below. 
Ehrlich's  triacid  solution  [VII]  and  Ehrlich-Biondi-Hciden- 
hain's  slain  mixture  [VIIIJ. 

The  normal  structure  of  the  abdominal  walls  of  the 
guinea-pig  is  principally  as  follows:  the  skin  is  hardly 
1  mm.  thick.  It  consists,  on  the  outside,  of  several  layers 
of  epithelial  cells  the  first  containing  the  pigment.  The 
connective  tissue  of  the  leather-skin  is  tight,  with  rela- 
tively few  elastic  threads  and  a  number  of  small  vessels. 
Under  the  skin  there  is  a  thin  layer  of  loose  connective 
tissue  with  only  few  elastic  threads,  sometimes  with  a 
number  of  fat  cells.  This  loose  layer  of  connective 
tissue  passes,  without  any  definite  division,  into  a  fas- 
cia layer  of  about  Yio  mm-  m  thickness  containing  a 
number  of  elastic  threads  passing  especially  from  one 
side  to  another.  The  yeast  cells  were  generally  found 
after  the  inoculation  on  the  surface  and  in  the  upper 
parts  of  this  layer.  Underneath  there  are  four  layers 
of  muscles,  separated  by  thin  layers  of  connective  tissue, 
the  thickest  between  the  first  and  second  layers  along 
with  a  number  of  elastic  threads  mainly  running  length- 
wise. The  peritoneum  is  y50  mm.  thick  and  its  inmost 
layer  is  especially  rich  in  elastic  threads. 

As  already  stated,  the  greater  part  of  the  inoculated 


yeast  cells  were  found  in  the  connective  tissue  under 
the  skin  and  in  the  upper  layers  of  the  fascia.  Here 
the  greater  part  of  them  were  lying  in  a  heap  of  about 
1  ctm.  in  width  and  not  quite  1  mm.  in  thickness;  some 
had  spread  in  a  thin  layer,  most  of  them  descending 
towards  the  central  line. 

Guinea-pig  1  (3l/%  hours). 

At  the  point  of  inoculation  in  guinea-pig  1,  which 
was  killed  three  hours  and  a  half  after  inoculation, 
the  protuberance  produced  by  the  injection,  the  size 
of  half  a  hazelnut,  was  seen  still  unchanged.  On 
section,  there  was  also  found  an  oedematous  thicken- 
ing of  the  connective  tissue  of  the  leather-skin  at 
the  point  of  inoculation.  The  yeast  cells,  lying  in  a 
compact  heap  in  the  connective  tissue,  look  as  if  they 
had  been  left  by  filtration  on  the  spot  where  the  point 
of  the  syringe  was.  Among  these  cells  a  few  threads 
of  connective  and  elastic  tissue  may  be  pointed  out. 

Round  all  the  veins,  whose  outlines  are  clearly  tra- 
ced by  means  of  elastiu  staining,  a  great  many  polynu- 
clear  leucocytes  are  seen;  similar  ones  are  seen  in  con- 
siderable numbers  inside  the  vessels.  Most  of  the  leu- 
cocytes are  found  on  the  side  turning  towards  the  heap 
of  yeast  cells  (see  the  affixed  table  Fig.  1).  Evidently 
a  lively  emigration  of  the  polynuclear  white  blood-cor- 
puscles has  already  taken  place,  and  some  of  them  have 
reached  the  yeast  cells.  The  emigration  is  greater  from 
the  veins  of  the  leather-skin  than  from  those  lying 
between  the  muscles,  though  it  may  also  be  seen  in 
the  uppermost  layers  of  the  latter.  Thus  the  greater 
number  of  the  leucocytes  are  found  on  the  external 
side  of  the  yeasl  heap.  On  staining  the  cells  by  the 
common  methods  most  of  them  prove  not  to  be  granu- 
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lar.  Some  of  them  have  a  two-lohed  nucleus  and  are  filled 
with  granules,  which  are  stained  yellow  red  by  van 
Gieson's  method  and  clearly  light  red  by  eosin. 

Whereas  the  absorption  of  the  yeast  by  these  cells 
is  quite  an  exception,  a  great  many  injected  Saeeharo- 
myces  are  seen  to  have  been  ingested  by  the  polynu- 
clear  cells  which  apparently,  at  least,  are  without  granules. 
Often  5 — 6,  sometimes  8 — 10  even  14  yeast  cells  are 
found  in  one  white  corpuscle.  Whilst  the  leucocytes  at 
their  invasion  into  the  tissue  are,  on  an  average,  8  ;J. 
in  diameter  they  will,  under  the  phagocytose,  swell 
and  reach  10 — 14 ^ 

The  cells  of  the  connective  tissue  are  of  a  normal 
appearance.  On  this  stage  the  yeast  cells  already  com- 
port themselves  in  a  remarkable  way  when  treated  after 
Weigert's  fibrin  staining  method.  While  the  contents 
of  a  single  yeast  cell  on  cover-glass  preparations  from 
culture  are  stained  uniformly  blue,  the  greater  part  of 
the  yeast  cells  which  has  remained  that  short  time  in 
the  animal  tissue  is  discoloured;  only  a  single,  rather 
large,  round,  sharply  outlined,  dark  blue  granule  is 
seen  in  the  quite  regular,  round  cell.  At  a  weaker 
discoloration  the  protoplasm  still  appears  of  a  light 
blue,  and  we  may  then  see  that  this  granule  is  no 
nucleus,  for  in  another  part  of  the  cell,  immediately 
under  the  membrane,  we  find  the  characteristic  lenticu- 
lar protuberance  denoting  the  room  of  the  nucleus  (s.  Fig.  5). 

This  characteristic  phenomenon  is  evidently  not  due 
to  the  sublimate  fixation,  as  it  does  not  appear  on  co- 
ver-glass preparations  of  yeast  cells  from  cultures  pre- 
viously treated  with  sublimate. 

If  stained  by  Claudius'  method  the  yeast  cells 
are  coloured  uniformly  blue;  they  appear  regularly 
round  and  are  4 — 6  .  in  size. 
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Guinea-pig  2  (6  hours}  and  3  (8  hours}: 

In  the  sections  from  guinea-pig  2  (six  hours)  and  3 
(eight  hours)  similar  changes  as  in  1  are  found.  How- 
ever the  oedema  had  somewhat  decreased,  but  is  still 
perceptible  as  a  distension  of  the  connective  tissue  of 
the  leather-skin.  The  number  of  the  emigrated  white 
blood-corpuscles  found  in  the  neighbourhood  of  the  ves- 
sels is  not  so  great;  they  are  moving  towards  the  yeast 
cells,  or  have  already  reached  them,  having  advanced 
more  forward  into  the  heap  where  they  stuff  themselves 
with  yeast  cells.  There  are  still  only  very  few  granular 
leucocytes.  The  cells  of  the  connective  tissue  are  un- 
changed, and  yeast  cells  are  affected  by  stains  as  in 
guinea-pig  1. 

Guinea-pig  4  (18  hours}: 

In  guinea-pig  4  (eighteen  hours)  nearly  the  whole  of 
the  yeast  heap  is  seen  penetrated  and,  for  the  greater 
part,  ingested  by  the  leucocytes.  The  yeast  cells  do  not 
all  of  them  retain  a  regular  round  form;  several  of 
them  are  angular  or  starshaped;  they  are  no  longer 
stained  in  the  regular  way  by  Claudius'  method. 

Now  all  the  yeast  fungi  in  the  thin  lateral  and  me- 
dian edges  of  the  yeast  heap  are  ingested  by  wander- 
ing cells;  the  oedema  has  disappeared;  and  in  the  ves- 
sels the  number  of  leucocytes  has  diminished. 

In  a  few  places  in  the  connective  tissue,  and  excep- 
tionally between  the  leucocytes  that  are  filled  with 
yeast,  round  cells  may  be  seen.  They  have  a  single, 
great,  oviform,  cystoid  nucleus,  which  is  somewhat  lobu- 
lar;  very  little  protoplasm  which  takes  a  brown  stain 
by  van  Gieson.  I  have  not  been  able  to  find  any  gra- 
nules in  them.  These  cells  are  not  seen  in  the  neigh- 
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bourhood  of  the  vessels.  The  greater  part  of  them  are 
found  in  the  fissures  of  the  connective  tissue,  often 
several  together.  Their  nuclei  resemble  those  of  the 
fix  connective  tissue  cells  between  which  they  lie.  Trans- 
itory forms  and  figures,  which  seem  to  make  it  likely 
that  they  originate  through  a  direct  division  of  the  con- 
nective tissue  cells,  are  found  in  the  preparations. 

Guinea-pig  5  (24  hours}: 

In  sections  from  guinea-pig  5  (twenty-four  hours) 
the  angular  and  the  starshaped  yeast  cells  are  more 
numerous  and  the  break  down  of  the  yeast  altogether 
more  manifest.  The  number  of  mononuclear  cells 
among  the  yeast  cells  has  increased,  a  few  unchanged 
connective  tissue  corpuscles  still  being  visible. 

In  several  places  the  mononuclear  wandering  cells 
gather  in  little  heaps  round  the  yeast,  and  in  several 
places  the  border-lines  between  the  individual  cells 
are  indistinguishable.  Evidently  we  have  before  us 
the  beginning  of  a  giant  cell  formation  (s.  Fig.  3). 
Quite  exceptional  binucleate  cells  appear;  some  of  these 
are  still  fusiform,  but  they  have  distinctly  increased  in 
size;  others  show  a  contraction  of  the  protoplasm  be- 
tween the  nuclei.  Only  very  few  karyokinetic  figures 
are  seen  partly  as  spirems,  partly  as  single  stars. 

It  was  not  possible  to  show  any  difference  between 
white  blood-corpuscles,  mononuclear  wandering  cells  and 
the  fixed  connective  tissue  cells  with  triacid  or  Ehrlich- 
Biondi-Heidenhain's  mixture.  The  protoplasm  in  all  of 
them  was  stained  a  faint  reddish  colour  without  dis- 
tinct granular  delineation;  whereas  distinctly  reddish 
granules  were  seen  in  the  above-mentioned  granular 
cells  on  using  these  stains. 
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Guinea-pig  6  (•'&  hours}: 

Whereas  till  now  the  yeast  cells  have  shown  no 
signs  of  development,  and  most  of  them  seem  to  have 
decayed,  they  begin  now,  in  guinea-pig  6,  that  is,  forty- 
eight  hours  after  inoculation,  to  change  in  a  charac- 
teristic way.  In  the  following  I  wil  speak  of  these 
transformed  fungi  as  ,,tissue  yeast  cells"  as  distinct  from 
the  inoculated  ^culture  yeast  cells". 

It  was  often  pointed  out,  first  by  Busse,  later  by 
Sanfelice,  Curtis,  a.  o.,  that  the  yeast  cells  in  the  tissues 
looked  quite  different  to  what  they  did  in  culture,  and 
further  stained  in  a  different  way. 

Well,  this  transformation  thus  begins  in  guinea-pigs 
about  forty-eight  hours  after  inoculation.  Among  the 
original  4 — 6  .j.  sized  yeast  cells  with  thin  walls  stained 
uniformly  dark  blue  a  few  up  to  20  y.  sized  cystoid, 
granular,  light  blue  stained  cells  are  seen;  in  the 
walls  of  these  cells  several  layers  may  be  distin- 
guished, the  outmost  appearing  as  a  thick  homogeneous 
capsule  (s.  Fig.  (5).  The  first  of  these  tissue  yeast  cells 
are  seen  to  be  surrounded  by  the  above-mentioned 
circle  of  mononuclear  wandering  cells,  and  seem  to  be 
free.  In  other  places  a  few  appear  larger  than  the  cul- 
ture yeast  cells.  They  stand  out  clearly  on  being  stained 
with  thionin,  which  gives  them  a  strong  red  violet  tint. 
They  also  lake  a  much  deeper  colour  than  the  de- 
caying culture  yeast  cells  when  stained  with  neutral  red. 

It  cannot  with  certainty  be  decided  from  the  prepara- 
tions at  hand  whether  these  commencing  tissue  yeast 
cells  were  ingested  by  the  colourless  corpuscles  without 
succumbing  or  whether  they  entirely  escaped  the  phago- 
cytes. Either  case  might  happen.  In  the  former  case 
the  yeast  cells  must  necessarily  have  burst  the  colour- 
less corspuscles  as  they  are  always  free. 

—  11  — 


X 

The  number  of  mononuclear  cells  has  greatly  increa- 
sed; several  of  them  are  fusiform;  they  may  very  filly 
he  called  ,,fibroblasts". 

Guinea-pig  7  (3  days)  and  8  ('i  days): 

In  guinea-pigs  7  and  8,  which  were  killed  after  three 
and  four  days  respectively,  the  said  changes  were  still 
more  clearly  pronounced.  The  yeast  cell  heap  was 
surrounded  and  permeated  by  a  great  many  long,  fusi- 
form cells.  Beside  these  there  were  seen,  on  using 
van  Gieson's  stain  between  the  yeast  fungi,  a  few  con- 
nective tissue  threads  and,  on  staining  with  elastin,  a 
very  few  elastic  threads  appeared.  The  latter  looked 
as  if  they  were  not  destroyed,  wholly  preserving  their 
normal  appearance. 

The  number  of  tissue  yeast  cells  has  increased.  In 
many  places  enlarged  cells,  which  have  altered  with 
respect  to  staining,  appear,  all  stages  from  culture  yeast 
cells  to  tissue  yeast  cells  being  represented.  Moreover 
forms  of  gemmation  are  found  in  no  small  number, 
sometimes  quite  irregular  as  moderately  long  threads. 
Many  of  these  large  cells  have  a  distinct  capsule  with 
radial  stripes,  not  seen  on  the  yeast  cells  in  older 
nodules;  these  stripes  are  made  more  perceptible  by  fibrin 
staining,  which  also  sometimes  makes  a  dark  coloured 
ring  appear  round  the  capsule.  Capsules  are  not  found 
in  all  tissue  yeast  cells. 

Guinea-pig  9  (5  days): 

Five  days  after  inoculation  we  meet  a  fresh  stage. 
A  great  many  tissue  yeast  cells  are  found  here,  most 
of  them  having  capsules,  many  being  gemmiferous. 
They  are  lying  in  a  tissue  of  fibroblasts.  The  yeast  cells 
found  in  the  phagocytes  now  appear  as  small  (2 — 3  p.), 
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angular,  starshaped  or  half-moon  shaped  remnants  stain- 
ing very  irregularly. 

On  this  stage  we  find  in  the  yeast  heap  a  great 
many  mononuclear  large  cells  whose  protoplasm  is 
filled  with  a  great  many  small  vacuoles.  This  pheno- 
menon is  not  easily  accounted  for.  Most  likely  the 
vacuolation  is  due  to  a  poisonous  action;  but  in  many 
cases  it  may.  be  the  result  of  a  phagocytosis  which  has 
come  to  an  end.  The  fact  that  corpuscules  representing 
all  transitory  forms  up  to  unmistakable  yeast  cells  are 
sometimes  found  in  the  vacuoles  (s.  Fig.  7),  speaks  in 
favour  of  this  hypothesis. 

No  less  difficult  to  explain  is  another  observation 
made  on  this  stage,  viz.  the  position  of  the  yeast  cells 
with  regard  to  the  fibroblasts  that  surround  them.  In  seve- 
ral places,  they  are  lying  scattered  about,  not  as  before  in 
immediate  contact  with  the  latter;  for  on  the  sections 
the  small  yeast  heaps  are  seen  separated  from  the  sur- 
rounding fusiform  cells  by  clear  zones  which,  on  celloi- 
din  sections,  are  always  filled  with  celloidin,  making 
it  likely  that  in  life  they  were  filled  with  a  fluid  (s.  Fig.  2). 

There  are  no  connective  tissue  threads  among  the 
fibroblasts;  but  a  considerable  number  of  mitoses  show 
that  the  peripheric  fibroblasts  multiply  at  a  great  rate 
(s.  Fig.  4).  The  cells  produced  by  this  division  differ 
from  the  mononuclear  cells  mentioned  above  by  having 
larger,  more  darkly  stained  nuclei,  and  a  protoplasm 
which  takes  a  deeper  stain.  Now  five  days  after 
inoculation  — ,  the  lymph  nodules  in  the  correspond- 
ing groin  have  become  palpable,  and  their  size,  on 
section,  is  2'/2  and  2  mm.  respectively.  In  the  lar- 
ger one,  situated  nearer  to  the  inoculation  point,  a 
number  of  yeast  cells  with  a  pronounced  thick  capsule 
are  placed  near  the  surface.  They  are  all  free.  In  the 
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small  lymph  nodule  no  yeast  cell  is  yet  to  be  found. 
Its  swelling  seems  due  to  the  absorption  of  soluble 
toxic  secretions  or  products  of  decay,  whilst  the  yeast 
cells  are  still  retained  in  the  former. 

The  yeast  cells  easily  spread  themselves  along  I  he 
lymph  passages.  This  is  seen  also  from  the  fact  that 
in  several  places,  often  rather  far  oil  from  the  point  of 
inoculation,  small  heaps  of  yeast  fungi  are  located  in 
the  neighbourhood  of  small  arteries,  as  a  rule  betwecMi 
these  and  the  corresponding  veins.  Sometimes  the 
yeast  cells  form  a  sheath  round  the  artery,  the  cells 
making  the  impression  of  lying  in  a  hollow  existing 
beforehand. 

Guinea-pig  10  (6  days)  and  11  (8  days,): 

After  six  and  eight  days  the  changes  mentioned 
above  continue.  The  yeast  cells  multiply;  the  clear 
spaces  already  described  grow  larger;  the  culture  yeast 
cells  go  on  decaying,  disappearing  entirely  in  some 
places.  Among  the  fibroblasts  a  line  mesh  of  connec- 
tive tissue  threads  is  found,  especially  near  the  edges. 
Gradually  all  the  yeast  cells  have  become  surrounded 
by  a  ring  of  fibroblasts  and  new  connective  tissue.  In 
several  places  this  ring  sends  down  runners  between 
the  muscles.  These  runners  partly  enclose  the  single 
muscular  fibres,  some  of  which  are  clearly  thinned  and 
seem  on  the  point  of  disappearing.  The  lymph  nodules 
have  grown  a  little,  but  yeast  cells  are  still  only  found 
in  that  one  nearest  to  the  point  of  inoculation.  In 
these  two  guinea-pigs  the  milt,  the  lungs,  the  liver  and 
the  kidneys  were  subjected  to  microscopical  examina- 
tion. Neither  yeast  cells  nor  morbid  changes  were 
found  in  the  tissues. 
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Guinea-pig  12  (20  daysj: 

In  guinea-pig  12.  which  was  killed  after  twenty 
days,  the  changes  have  grown  still  more  pronounced, 
the  skin,  however,  has  not  yet  been  attacked.  On  the 
point  of  inoculation  is  found  a  protuberance  whose 
dimensions,  on  section,  are  about  3X1  l/z  ctm.  In  the 
centre  of  this  nodule  appear  innumerable  yeast  cells  of 
very  different  sizes  varying  from  5 — 32  p.  placed  in  a 
hollow,  most  likely  filled  with  a  fluid,  in  which  a  few 
connective  tissue  threads  may  be  seen  but  no  elastic 
threads.  Only  a  very  few  tissue  cells  are  found,  most 
of  which  having  the  characteristic  vacuolised  proto- 
plasm described  above  with  oval  nuclei  near  the  sur- 
face. A  connective  tissue  growing  firmer  towards  the 
outside,  is  seen  round  this  typical  mass  of  yeast. 
The  central  hollow  space  filled  with  yeast  cells  is,  no 
doubt,  due  to  a  junction  of  several  smaller  hollows, 
partly  in  the  leather-skin,  partly  down  among  the  mus- 
cles. There  are  also  some  small  nodules,  on  the  whole 
similar  in  structure  to  the  greater  ones. 

Leucocylic  infiltration  appears  nowhere,  not  even 
round  the  vessels. 

In  this  guinea-pig  the  lymph  nodules  are  enlarged, 
about  the  size  of  peas.  The  first  is  entirely  permeated 
by  yeast  cells;  a  smaller  number  is  seen  in  the  second; 
the  third,  of  the  size  of  a  hempseed,  is  still  without 
any  at  all.  Yeast  cells  are  found  in  the  lungs,  the  milt 
and,  in  small  numbers,  in  the  kidneys,  but  I  shall  not 
here  go  into  particulars  with  regard  to  the  changes  which 
take  place  in  the  inner  organs  of  the  animals. 

Guinca-piy  13  (35  daijsj: 

This" guinea-pig,  which  was  killed  thirty-five  days  af- 
ter inoculalion.  illustrates  how  the  continuous  growth 
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of  the  yeast  cells  has  produced  an  atrophy  of  Ihc 
covering  skin,  while  the  scab  begins  to  be  thrown 
off.  Otherwise  the  appearance  is  exactly  the  same  as 
with  guinea-pig  12:  great  heaps  of  yeast  located  in 
a  very  loose  connective  tissue  whose  meshes  look  as 
if  they  were  extended  by  a  fluid.  Downwards  towards 
the  atrophic  abdominal  muscles  the  nodule  is  limited 
by  a  firmer  connective  tissue  capsule. 

At  the  same  time  as  the  scab  is  thrown  off,  the 
greater  part  of  the  yeast  cells  will,  as  a  rule,  empty 
themselves  as  a  pulpy  mass,  and  the  great  loss  of  sub- 
stance thus  caused  will  generally  heal  in  the  course 
of  a  few  weeks,  the  animal  increasing  in  weight  and 
making  a  complete  recovery. 

It  is  very  doubtful,  however,  whether  this  guinea- 
pig  would  have  escaped  death,  as  guinea-pigs  generally 
do  after  subcutaneous  inoculation.  In  this  animal,  the 
penetration  of  the  yeast  cells  into  the  blood  passages 
through  a  venous  wall  was  distinctly  seen  —  an  occurrence 
I  have  observed  in  this  one  animal  only  of  the  great 
number  that  I  have  made  the  objects  of  careful  micro- 
scopic examination. 

In  one  place  of  the  venous  wall  the  elastic  threads 
had  been  burst  and  disjoined  by  the  invading  yeast 
cells,  which  over  a  certain  area  entirely  filled  the  vessel, 
while  they,  on  other  points,  were  covered  by  a  throm- 
bus. An  examination  of  the  inner  organs  of  the  animal 
showed  that  the  yeast  cells  had  already  reached  the 
liver  and  lungs,  lying  sparely  spread  inside  all  over 
the  vessels,  particularly  numerous  in  the  lungs. 

In  the  groin  there  were  three  swollen  lymph  no- 
dules. Two  of  them,  of  the  size  of  a  pea,  contained 
a  great  many  yeast  cells.  The  third  was  about  the  size 
of  a  hempseed  showing  only  a  few  parasites. 
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The  results  of  these  investigations  may  be  resumed 
as  follows: 

After  subcutaneous  inoculation  of  Saccharomyces 
neoformans  Sanf.  in  guinea-pigs  a  lively  emigration  of 
polynuclear  colourless  corpuscles  begins  after  a  few 
hours.  These  corpuscles  gather  round  the  yeast  cells 
that  are  lying  in  a  heap,  and  ingest  them.  As  soon 
as  the  greater  part  of  the  yeast  fungi  has  been  taken  up 
by  the  cells,  the  emigration  stops  having  entirely  ceased 
eight  hours  after  inoculation. 

Besides  the  non-granular,  polynuclear,  white  cor- 
puscles a  few  are  seen  with  acidophil  granules.  Their 
nucleus  is,  as  a  rule,  two-lobed.  They  take  a  small 
part  only  in  the  phagocytosis,  disappearing  very 
soon. 

After  the  lapse  of  18 — 24  hours  a  number  of  mononu- 
clear,  non-granular,  wandering  cells  are  seen  in  the 
adjoining  connective  tissue  without  any  connection  with 
blood-vessels.  These  wandering  cells  seem  due  to  a 
direct  division  of  the  connective  tissue  cells.  They  are 
penetrating  into  the  yeast  heap  among  the  polynuclear 
phagocytes;  like  these  they  ingest  yeast  cells  and,  in  a 
few  places,  they  seem  to  fuse  into  giant  cells  [s.  Fig  3]. 
The  latter  appear  already  after  3 — 4  days. 

Gradually  fibroblasts  make  their  appearance,  due,  as 
it  seems,  to  transformation  of  mononuclear  wandering 
cells.  The  fibroblasls  will  either  form  a  ring  round 
the  yeast  cell  heap  or  divide  the  same  in  smaller  groups. 
Some  of  the  yeast  cells  now  alter  their  appearance. 
They  increase  in  size,  their  staining  alters,  many  of 
them  get  capsules;  from  „  cull  lire  yeast  cells"  they  be- 
come ,,tissue  yeast  cells".  These  altered  fungi  will  al- 
ways lie  free  and  isolated,  spread  in  the  tissue.  Later 
on,  they  increase  greatly  in  number  forming  little  heaps 
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which  are  lying  in  a  tissue  of  fibroblasts  in  the  cha- 
racteristic way  described  above :  They  make  the  impres- 
sion as  if  they  were  lying  in  hollows  which,  in  life, 
must  be  supposed  to  have  been  filled  with  a  fluid.  At 
the  same  time  the  fibroblasts  multiply  by  indirect  divi- 
sion, and  especially  on  the  fifth  day  a  great  many  karyo- 
kinetic  figures  were  seen  |s.  Fig  4]. 

Moreover,  fine,  new  connective  tissue  threads  are 
now  perceptible.  Whilst  the  injected  nciiUurc  yeast 
cells"  produced  a  violent  acute  inflammation  with  an  ac- 
tive emigration  of  leucocytes,  no  anatomical  changes  of 
the  kind  are  found  later  on  during  the  quick  growth 
of  tissue  yeast  cells. 

On  the  whole  ,,the  tissue  yeast  cells"  seem  to  be  acting 
chiefly  in  a  mechanical  way  on  the  surrounding  tissues. 
As  soon  as  the  greater  part  of  the  culture  yeast  cells 
have  been  ingested  by  the  phagocytes  the  emigration 
stops,  and  most  of  the  supervenient  changes  may  well 
be  explained  as  due  to  nothing  but  the  increase  in 
number  of  the  yeast  fungi.  It  is,  however,  natural  to 
suppose  that  they  affect  the  surrounding  tissues  in  a 
chemical  way  as  well,  even  though  this  occurrence  was 
not  very  evident  in  the  method  of  experimenting  used  here. 
The  characteristic  vacuolisation  of  mononuclear  cells  as 
described  above,  may  perhaps  be  looked  upon  as  the 
result  of  a  poisonous  action. 

Rather  early  -  -  on  the  fifth  day  —  yeast  cells  may 
be  shown  in  the  lymph  nodules  next  to  the  point  of 
inoculation.  Later  on,  their  number  increases  greatly, 
and  they  propagate  from  one  lymph  nodule  to  the 
nearest  one.  Some  swelling  of  these  lymphatic  glands 
is,  however,  always  seen  before  the  yeast  cells  can  be 
pointed  out.  It  is  impossible  from  what  has  been  said 
above  to  decide  whether  this  fact  is  due  to  a  toxic 
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yeast  cell   product  or  to  decaying  matter  from  the  tis- 
sues. 

I  beg  to  thank  most  heartily  Professor  Carl  Weigert, 
under  whose  direction  I  have  undertaken  this  work  at 
the  Senckenberg  Institute  of  Frankfurt  a/M.,  for  his  great 
kindness  and  his  excellent  guidance. 
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DESCRIPTION  OF  PLATE 

All  figures  were  drawn  with  Zeiss's  camera  lucida  and  apochromatic  lenses. 

Fig.  1.  Guinea-pig  1.  Lithium  carmine  -f-  Weigcrls  elastic  tissue  stain  2SO,i.  From 
the  border  of  the  yeast  cell  group,  a  free  yeast  cells  in  the  middle  of  the 
group,  b  immigration  of  leucocytes  in  the  border,  beginning  phagocytosis, 
c  emigration  from  a  dermal  vein. 

Fig.  2.  Guinea-pig  9.  Lithium  carmine  -)-  Claudius  2so;i.  Tissue  yeast  cells  lying 
in  hollow  spaces  (  *  )  among  fibroblasts. 

Fig.  3.  Guinea-pig  5.  Lithium  carmine  -f-  Claudius  C50/i.  Giant  cell  formation 
by  mononuclear  wandering  cells. 

Fig.  4.     Guinea-pig  9.     Lithium  carmine  650/i.     Karyokinesis  in  fibroblasts. 

Fig.  5.  Guinea-pig  1.  Lithium  +  Weigerts  fibrin  stain  1000/l.  Culture  yeast  cells, 
alterated  in  staining  capacity  due  to  their  being  for  3'/2  hours  in  the  tissue 
of  the  guinea-pig. 

Fig.  6.     Guinea-pig  6.     Claudius  l°°o/i.     Tissue  yeast  cells. 

Fig.  7.  Guinea-pig  12.  Hrematoxyline  +  van  Gieson  1000;i.  Vacuolated  cells.  Dege- 
nerated yeast  cells  in  the  vacuoles  of  one,  granules  in  another,  absence  of 
formed  elements  in  the  vacuoles  of  the  remaining  two. 
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XI. 

GEORGES  DREYER 

A  NEW  APPARATUS  FOR  RAPID  DELIVERY  OF  A 
GIVEN  QUANTITY  OF  FLUID. 


By  the  use  of  the  following  apparatus,  devised  for  the 
rapid  delivery  of  a  given  quantity  of  fluid,  sterile 
or  not,  accurate  results  are  obtained,  and  both  time 
and  labour  saved,  one  person  only  being  required  to  work 
it.  Absolute  exactitude  and  rapidity  of  flow  are  not  only  of 
importance  when  bottling  anti-sera,  but  are  equally  im- 
portant in  measuring  definite  quantities  of  blood,  cultures 
etc.  for  hajmolytic  and  agglntinin  experiments  respec- 
tively. 

The  apparatus  consists  in  the  main  of  two  parts, 
the  measuring  apparatus  itself,  and  the  stand  to  which 
this  is  affixed. 

The  measuring  apparatus  as  seen  in  front  view  (Fig. 
A)  consists  of  a  central  branched  tube  of  brass,  a  four 
way  stopcock(e),  and  two  graduated  pipettes  (c)  con- 
nected by  means  of  india  rubber  tubes  with  the 
side  branches  of  the  central  tube.  The  pipettes  used, 
are  ordinary  glass  pipettes,  having  a  capacity  of  5 — 20 
Cc.  The  upper  ends  are  bent  at  a  sharp  angle  and  have 
only  a  small  bore.  Round  this  portion  of  each  pipette 
a  glass  bulb  is  melted  on,  with  an  overflow  lube  (1) 
proceeding  from  it.  The  pipettes  are  attached  by  means 
of  a  moveable  screw  clamp  (d)  to  the  central  tube. 

The  movement  of  the  stopcock  is  brought  about  by 
the  action  of  the  pedals.  The  bore  of  the  stopcock  is 
so  arranged  that  fluid  cannot  flow  in  either  direction 
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when  the  beam  to  which  the  pedal  rods  are  hooked  is 
in  a  horizontal  position.  When  the  stopcock  is  in  posi- 
tion (a),  fluid  can  pass  from  the  central  tube  (attached 


when  in  use  to  the  reservoir  of  fluid)  by  the  side  branch 
up  into  the  left  pipette  or  into  the  right  pipetle  if  the 
stopcock  is  in  position  (b). 
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The  measuring  apparatus  is  attached  by  a  support 
(g)  and  moveable  clamp  to  the  iron  stand  (h).  This  ar- 
rangement makes  it  possible  to  alter  the  distance  between 
the  outflow  tube  of  the  stopcock  and  the  white  enamel- 
led metal  plate  (i).  The  latter  forms  the  table  of  the 
apparatus  and  is  supported  by  a  metal  bar  fixed  to  the 
stand  (h). 

The  stand  can  be  fastened  to  any  table  by  means  of 
the  two  screw  clamps  (k)  and  the  rigidity  of  the  whole 
is  ensured  by  its  passing  through  the  enamelled  plate  (i)  to 
the  floor. 

To  allow  for  the  apparatus  being  fixed  to  tables  of 
different  height,  the  lower  portion  of  the  stand  and  the 
brass  rods  from  the  pedals  to  the  stopcock  are  so  made 
that  they  can  be  shortened  or  lengthened  accordingly. 

The  form  of  pipette  proposed  by  Kern1)  might  be  pre- 
ferred by  some  to  that  mentioned  above.  Kern's  pipette 
(provided  it  is  carefully  made)  has  this  advantage,  that 
there  is  no  overflow  or  possible  waste  of  fluid,  but  on  the 
other  hand  the  quantity  of  fluid  delivered  is  not  always 
the  same,  air  bubbles  of  different  size  frequently  collect 
under  the  float  closing  the  pipette,  and  if  a  viscid  fluid 
(serum,  blood  etc.)  is  used,  the  float  will  very  often  ad- 
here to  the  side  of  the  pipette  and  prevent  this  being 
emptied. 

For  these  reasons,  the  above  named  pipette  has  been 
designed;  owing  to  the  small  bore  of  the  upper  portion, 
the  waste  of  fluid  will  be  practically  nil,  and  the  form- 
ation of  air  bubbles  prevented  by  the  sharp  angle  bend. 

If  the  apparatus  is  to  be  used  for  sterile  fluid,  it  is 
arranged  for  sterilisation  in  the  following  way:  an  India 
rubber  tube  of  required  length  and  of  such  a  width  as 

!)  Kern,  F.  ,,Kine  automatische  Messpipette  fur  keimfreie  Fliissigkeiten"  Centralblatt 
fi'ir  Bakteriol  u.  Parasitk.  1899.  Bd    XXV.  p.  75. 
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to  be  easily  applied  to  the  reservoir  of  fluid,  is  placed 
upon  the  central  tube,  the  unattached  end  and  the  out- 
flow tube  of  the  stopcock  being  wrapped  in  paper;  cot- 
ton wool  corks  are  placed  in  the  neck  of  the  pipette- 
bulbs;  the  overflow  tubes  from  the  pipettes  are  connected 
by  india  rubber  tubes  with  the  branches  (m — m1)  of  the 
tube  in  the  Erlenmeyer  flask  (E)  and  the  bent  tube  (n) 
in  this,  is  corked  with  cotton  wool. 

By  unscrewing  the  clamp  attaching  the  pipettes  to 
the  stand,  and  unhooking  the  pedal  rods  from  the  beam 
of  the  stopcock,  the  measuring  apparatus  thus  arranged 
with  the  Erlenmeyer  flask,  can  be  placed  in  the  auto- 
clave. 

After  sterilisation  the  apparatus  is  again  fixed  to  the 
stand,  the  pedals  hooked  on  and  the  rubber  lube  atlached 
to  the  reservoir  of  fluid. 

By  the  pedal  action  it  will  be  noticed  that  as  one 
pipette  fills,  the  other  is  emptied,  though  it  is  so  arrang- 
ed that  the  tilling  process  shall  not  be  completed  un- 
til after  the  contents  of  the  other  pipette  have  been  en- 
tirely discharged,  and,  that  when  the  beam  of  the  stopcock 
is  in  a  horizontal  position  there  can  be  neither  inflow 
nor  outflow  of  fluid  in  any  direction. 

Further  comment  on  the  use  of  the  apparatus  for  non- 
sterile  fluids  is  unnecessary. 


1)  The  apparatus  can  be  obtained  From :     Cornelius  Knudsen's  mckaniskc  Etablisse- 
niciil,  Copenhagen. 
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Explanation  of  Figures. 

A.  Front  view  of  measuring  apparatus. 

B.  Side  view      „  „  „  and  stand. 

C.  Front  view  of  pedals. 

D.  Side  view     „          „ 

E.  Erlenmeyer  flask  for  overflow. 

(a)  I 

>    the  two  positions  of  stopcock. 

(b)  I 

(c)  graduated  pipettes. 

(d)  screw  clamp  (double). 

(e)  four  way  stopcock. 

(f)  axis  on  which  pedals  act. 

(g)  support  attaching  measuring  apparatus  to  stand. 
(h)  metal  stand. 

(i)     white  enamelled  metal  plate, 
(k)    strong  clamp. 
(1)     overflow  tube. 
(m,!!!1)  branched  tube. 
(n)    bent  tube. 
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CARL  JUL.  SALOMONSEN 

A  CHEMOTACTIC  EXPERIMENT 


Cohnheim's  experiments  on  inflammation  and  Mel- 
schnikofFs  phagocyte    theory  have  made  investi- 
gations  into  the  chemotaxis  of  monocellular  or- 
ganisms of  the  greatest    importance  to  general  patho- 
logy.    From  this  point  of  view  the  following  communi- 
cation may  perhaps  be  of  some  interest. 

A  phenomenon  which  till  now  has  escaped  obser- 
vation is  the  negative  chemotactic  action  that  dead 
infusoria  have  on  living  ones.  I  observed  this  fact  for 
the  first  time  when,  on  repeating  Mendelsohn's  experi- 
ments on  thermotropism,  I  happened  to  kill  a  few 
Oxytrichae  by  overheating. 

a.  The  readiest  way  of  making  the  experiment  is  by 
taking  a  drop  containing  plenty  of  infusoria  of  the 
same  species  and  placing  it  under  a  lamella.  If  its 
surface  then  is  touched  for  a  moment  with  a  platina 
needle  or  a  glass-rod  intensely  heated,  a  more  or 
less  considerable  number  of  infusoria  will  be  killed. 
The  live  individuals  will  stop  as  soon  as  they  ap- 
proach the  dead  infusoria,  often  even  at  a  very  great 
distance,  and  withdraw  so  as  to  leave  a  circular 
space  into  which  no  living  organism  penetrates. 
A  very  vivid  illustration  of  the  occurrence  may  be 
had  by  drawing  the  dead  bodies  by  means  of  a 
camera  lucida  and  by  following  afterwards  the  mo- 
vements of  the  living  individuals  exactly  marking,  at 
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In  the  centre  ten  dead  Paramecia,  killed  by  healing.   The  dots  indicate  the  turn- 
ing points  of  the  living  Paramecia,  exactly  marked  by  means  of  the   camera  clara. 

the  same  time,  always  by  means  of  the  camera,  asuf- 
iicient  number  of  the  points  where  the  animalcula  turn 
about;  the  above  figure  has  been  made  in  this  way. 
b.  The  mode  of  reaction  is  not  the  same  for  all  the 
different  species  of  infusoria.  It  depends  on  the  nor- 
mal movements  characteristic  of  each  species.  There 
are  some  who  draw  back  suddenly  with  a  move- 
ment of  terror  (,,Schreckbewegung"),  as  Engelmann 
calls  it;  others  retire  slowly  in  a  curve,  others  again 
stop  a  moment  before  moving  back.  A  certain 
number  react  in  a  particular  way  at  a  somewhat 
greater  distance  from  the  dead  bodies,  executing  a 
series  of  rapid  rotations  round  their  axes  like  the 
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rotations  which  Rossbach  observed  during  his  ex- 
periments on  the  influence  of  some  toxic  substances 
on  infusoria.  It  is  well  known  that  in  prepara- 
tions infusoria  will  often  be  seen  rotating  in  this 
manner  without  any  visible  motive.  According  to 
the  above  observation  I  have  no  doubt  that  these 
rotations  always  are  a  symptom  of  indisposition?  This 
interpretation  is  also  confirmed  by  the  fact  that 
such  rotations  sometimes  appear  in  the  agonies  of 
death,  thus  I  have  seen  infusoria  turn  rapidly  round 
their  axes  as  often  as  70  times  immediately  before 
dying. 

c.  The  cause  of  death  seems  to  be  immaterial  to  this 
chemotaclic   action.     It    is   found   in   dead  bodies  of 
infusoria  whether  killed  by  faintly  heating,  by  ebul- 
lition, by  exsiccation,  by  crushing,  or  by  poison.    In 
the  latter  case  it  is  difficult  to  ascertain  the  fact  on 
account    of    the    complications    resulting    from    the 
presence  of  the  poison. 

d.  A  question  that  presents   itself  is  this:   Is  this  reac- 
lion  specijic?     In   other  words:    Is  it  only  on  living 
infusoria  of  their  own  species  that  dead  bodies  have 
this    effect?     It    is   not    unlikely  a    priori    that    this 
is  so  considering  what  is  seen   to  take  place  in  the 
processes    of    fecundation    and    of    conjugation. 
My  very  first   experiments  on  this  question  seemed 
to    favour    the   theory  of  specificity,   but  by  further 
investigation  I   saw   that  there   is  no  such  exclusive 
reaction   of  living  infusoria  in  the  presence  of  dead 
ones  of  their  own  species.     But,  on  the  other  hand, 
there  is  a  considerable  quantitative  difference  as  to  the 
force  with  which    the  different   species  of  infusoria 
react    against    dead    bodies    of   one    and    the    same 
species. 


XII 


\ 

7     V 


.  .  turning  point  of  Paramecium. 
.  .  whirling  point  of  Paramecium. 
.  .   turning  point  of  Oxytricha. 
.  .  course  of  Vorticella. 


The  above  figure  shows  both  the  arrangement 
of  the  experiment  and  an  example  of  these  differen- 
ces. The  circle  in  the  middle  represents  a  dried  up 
drop  on  the  slide,  containing  plenty  of  dead  Para- 
mecia.  Next  to  this  drop  are  placed  those  other  drops 
which  contain  the  different  species  of  infusoria  whose 
irritability  in  face  of  the  dead  bodies  is  to  be  ex- 
amined. They  must  be  placed  so  as  to  cover  a  small 
part  of  the  dried  drop.  The  black  points  mark  the 
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place  where  the  Oxytrichae  turn.  The  triangles  have 
Hie  same  signification  with  regard  to  the  Paramccia; 
whereas  the  asterisks  mark  the  whirling  points 
of  the  latter.  The  dotted  line  represents  the 
course  of  a  Vorticella.  It  is  easy  to  see  that  the 
Parcimecia  draw  back  even  before  they  reach  the 
territory  of  the  dead  bodies;  the  Oxytrichae  just 
penetrate  into  it,  both  turning  round  at  a  certain 
distance  from  the  edge  of  the  water  drop  in  which 
they  swim,  whereas  the  Vorticella  advances  to  the 
edge  and  even  shirts  it,  without  being  influenced 
by  the  presence  of  the  dead  bodies, 
e.  This  insensibility  seems  to  be  peculiar  to  Vorticellae. 
I  have  made  analogous  experiments  on  a  great  num- 
ber of  Ciliata  of  different  species:  they  have  all  shown 
the  same  necrophobia  except  two  species  of  Vorti- 
cella which  remained  totally  insensible  to  dead 
bodies  of  foreign  species,  as  well  as  of  their  own, 
and  this  to  such  a  degree  as  to  even  touch  the  dead 
bodies  in  passing.  The  ,,sessility"  of  the  Vorticellae 
may  have  something  to  do  with  this  exceptional 
quality,  but  at  any  rate  we  find  this  quality  in  the 
Vorticellae  whether  they  be  fixed  or  free  swimming 
in  the  form  of  a  campanula  on  its  pedoncule  or  after 
having  taken  the  form  of  a  barrel. 
It  is  still  impossible  for  me  to  give  any  exact  infor- 
mation concerning  the  substance  or  the  substances 
having  this  strong  chemotactic  action. 

The  fact  in  question  is  perhaps  not  of  great  impor- 
tance to  general  biology,  but,  no  doubt,  it  is  of  interest 
as  it  permits  us,  by  means  of  an  easy,  simple  and,  at 
the  same  time,  most  instructive  experiment  to  show 

(1)  a  typical  case  of  negative  chemotaxis, 

(2)  the    great   quantitative   and   qualitative   differences 
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between  the  chemotactic  irritability  of  different  spe- 
cies of  Ciliata. 

(.'})  The  above  method  of  experimenting  may  easily  be 
applied  to  investigations  into  the  influence  of  different 
external  factors  upon  the  chemotaclic  relations  of 
monocellular  organisms. 
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